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SYLLABUS

The Division Engineer finds that there is urgent need for revision éf
the existing flood control project on the Blackstone River and tributaries
to insure the étability of present development, the security of the inhabi-
tants, and the preservation of ex_istiné economic values., He finds that
the Blackstone River produces major flood damages in Woonsocket, Rhode
Is'lana, in the area dowustream-from the existing Woonsocket Local Pro-
tection Project. In this area the record ﬂoc.)d‘of August 1955 caused
losses of $12, 300, 000. He concludes that additional local flood protection
in the City of Woonsocket is necessary and warranted.

The'Division Engineer recommgnds that the authorized plan for flood
control in the Blackstone River Basin be revised to include the Lower
W’oo_risocket Local Protection Project. The tct#l estimated first cost of
the project is $4, 255, 000 plus the cost of Bernon Dam water rights, and
the estimated first cost to the United Sta.tés is $2,970, 000, He recommends
that local interests be required to (1} contribute to the United States approxi-
';L'nately 16,1 percent of the construction cost, which contr.illlsution is presently
estimated at $570, 000; (2) provide without cost to the United States ail lands,
easements, and rights-of-way necessary for the construction and operation
of the project; (3) hold and save the United States free frolm damaées due
to the construction works; and (4) maintain and operate all the works after
completion in accordance with regulations prescribed by the Secretary of

the Army.
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U, S, ARMY ENGINEER DIVISION, NEW ENGLAND
CORPS OF ERNGINEERS .
150 Canseway Street
Boston 1, HMass,

SUBJECT: Interim Report for Flood Control, Blackstone River Basin,
Lower Woonsocket Local Protection Project on the Blackstone,
Mill, and Peters Rivers, Woonsocket, Rhode Igland

T0: - Chief of Engineers
Department of the Army
Washington, B, C,
ATTENTION: ENGWF

1, AUTHORITY

This report is submitted pursvant to authority contained in a
Resolution of the Commititee on Public Works of the United States
Senate adopted September 1h, 1955, 84th Congress, ist Session, which
providess

"That the Board of Engineers for Rivers and Harbors,
created under Section 3 of the River and Harbor Act,
approved June 13, 1902, be, and is hereby, requested
Yo review previous reports on the , ., , Blackstone
River, Massachusetts and Rhode Island ., ,  in the
area affected by the hurricane flood of August 1955,
to determine the need for modification of the recom-
mendations in such previous reports and the advisa-
bility of adopting further improvements for flood
control and allied purposes in view of the heavy
damages and loss ef 1ife caused by such floods,”

2, SCOPE OF SURVEY

2.1 Scope,~ This is an interim report of survey scope which
reviews s portion of the Blackstone Biver in Woonsocket, Bhode Island,
in partial cempliance with 1lst indorsement dated 16 September 1955,
from the Chief of Engineers, te letter from the Senate Public Works
Cormittee, dated September 1955, subject: "Northeastern States
Hurricane Floed Study."

The report reviews the flood control problem in Woonsocket, Rhode
Island, in the area downstream from the existing project, This area,
referred to in this report as the Lewer Woonsocket fleod area, lies
along the banks of the Blackstone River downstream from Scuth Main
Street bridge and along the tribubary Mill and Peters Rivers in Woon-
socket, This report makes specific recommendations in the interest of
flood control. '



2,2 Topographic surveys,- A plane table survey was made in 1938 of
the upstream portion of Lower Woonsocket, on a scale of 17 = 100 with
a contour interval of 2 feet, This data was eupplemented by property
and street maps and topographic data furnished by the City of Woensecket,
In addition, valley sections were obtained im 1956 aleng the Blackstone,
Mill, and Peters Rivers, All available survey and map data for the Lower
Wbonsocket area was field checked,

2,3 Subsurface explorations,~ Explorations in the survey area conw
sisted of a reconnaissance to study the general geoclogy of the area, map
bedrock exposures, and determine as far as possible bearing and excava-
tion properties of materials present Pertinent data utilized to supple-
ment the results of reconnaissance is contained in Design Memoranda 3
and bz "Geology & Seils"™ and “Concrete Materials," prepared im 1956
for the existing Woonsocket Local Protection Preject, and in a report
entitled Geclogy and Ground Water Resources of'WOOEsoeket published in
1950 by the Rhode Island Port and lndustrial Development Cemmlssiena
Additiensal information is eontained in Appendix B, "Geolegy."

2.4 Flood-damage surveys.- Flood damage surveys were made after
the floods of July 1938 and August 1955, The surveys consisted of the
inspection of properties damaged by the flood and interviews with
property owners, officers of industrial concerns, and municipal and
state offielals, The results of flood-damage surveys are summarized
in Sections 11 and 12 of this report., Supporting data is given in
Appendix €,

2,5 Conferences with local interests.~ Close liaison has been
maintained with state and city officials, local preperty owners, and
other interested parties., Plans for the protective works have been
reviewed by representatives of the State of Rhode Island and the City
of Woonsecket. All have expressed a strong desire for the immediate
construction of flood protection works and; in many instances during
the course of the study, have furnished valusble information, Letters
from the Governor of the State of Bhode Island, and the Mayor of Woon-
socket indorsing the project are included in Appendix F,

3. FRIOR REPORIS

3.1 FPublished report.-~ Flood control improvements for Woonsocket,
Rhode Island, were considered in the Report on Survey for Flood Control:
Blackstone Rlverz Rhode Island and Massachusetts, which was submitted
by the Chief of Engineers on April 11, 194L, and published in House




Document o, 62is, 78th Congress, 2nd Session, It presented the results
of an investigation and survey of the Blackstone River and its tribu-
taries for fleod comtrol, with collateral studies on poliution, addi-
tional power and econservation storage, recreation, and sanctuary for
wildlife, Flood control projects recommended and subsequently author-
ized include a storage reservoir on the West Hiver in Massachusetts
and three local protection improvements, One of the three authorized
local protection works consists of a project for that portion of Woon-
socket upstream from South Main Street bridge, Loscal protection for
the downstream portion of the ¢ity was investigated and found te laek
economic justification at that time,

3,2 Unpublished report.- A comprehensive report entitled "The
Resources of the New bngland-New York Region," which presents a
coordinated plan for watershed development, was prepared by the New
England-New York Inter-Agency Commitiee pursuant to the directive con-
tained in a Presidential letter dated October 9, 1950, The report
recommended that the plan be used as a guide for the development, con-
servation, and use of land, water, and related resources of the region,

It also recommended that flood control studies be made of the Blackstone
River Basin to determine the economic justification of protection measures
in addition to the authorized Woonseckel Local Protection Project.,

L, DESCRIPTICN OF AREA

bl Geography.- The Blackstone River drains an area of 5i0 square
mileg in south central Massachusetts and northern Rhode Island, The
basin has an elongated shape with a maximum length of 46 miies and an
average width of 12 miles, The Blackstone River, originating in
Worcester, Massachusetts, flows 49 miles in a general southeast course
to Providence; Rhode Island, where it empties into Providence River
and Harbor, The lower 4,7 miles of the river, below Main Street in
Pawtucket, Rhode Island, is tidel and is generally referred to as the
#8eckonk River," Above the tidal section, it is usually called the
"Blackstone,™ although the name "Pawtucket" is sometimes used,

Woongsocket lies along the banks of the Blackstone River in north-
eastern Rhode Island, It is located 24 miles southeast of Worcester
and 16 miles northwest of Providence. Two tributaries, the Mill and
Peters Rivers, join the Blackstone River from the north immediately
upstream from the U.5.G,.S. gagirngstation near the center of Woonsocket.
The drainage area at the gaging station is 416 square miles, A4 loca~
tion map is shown on Plate ¥o, 1,



4.2 Topography.- The Blackstone River Basin is generally hilly and
exhibits surface characteristics and irregular drainage patterms typieal
of glaciated areas of southern New England, In the northern and western
portions of the basin, hills are prominent and valleys are steep and
narrow, In the headwater areas in the vicinity of Worcester, Massachusetts,
hills rise to elevations of 1,400 feet above mean sea level, Prominent
hills are more widely scattered in the central and southeasterm portions
of the basin and tributary valleys are wider. The irreguiar flood plain
of the Blackstone River, generally narrow, widens considerably in some
areas, particularly near tributary confluences, The river has cut down
to badrock and created natural falls at a number of places in its course
through the basin, '

The terrain in Woonsocket is typical of the central portion of the
basin, with hills of moderate to sharp relief rising to elevations of
110 feet, m,s,L, Tn the 4,5 mile reach within Woonsocket, the Biackstone
River falls from sn elevation of 1h9 feet to 107 feet, m,s.1. The flood
plain in this reach is narrow, averaging 500 feet in width, except for
extensive widening abutting the confluence of the Blackstone, Miii,
and Peters Rivers.

4,3 Ceology.- Overburden in the Blackstone Biver Basin consists
largely of glaciai till and ocutwash, with lesser amounts of recent
aliuvium in the valley bottoms, Outwash sands and gravels occur in the
flood plain and lower valley slopes, Till of varying depths and per-
vicusness extends up the hillsides, and rock outcrops are common on
the upper slopes and hilltops.

In the Lower Woonsocket survey area, outwash materials constitute
the bulk of overburden, with alluvial deposits overlying the outwash and
bedrock in portions of the area., Bedrock exposures are numercus at
higher elevations, Rock formations consist of granite, gneiss, and
steeply inclined strata of schist and shale., Detailed information on
the geology of the survey area is contained in Appendix B.

ot Description of main river.- The Blackstone River, formed in
Worcester, Massachusetts, by the confluence of Middle River and Mill
Brook, has a total length of L9 miles, The river flows in a general
southeasterly direction for 28 miles, entering Woonsocket at the Massa-~
chusetta-Rhode Island state line. It flows through the city in an
irregular course that forms several loops. The river meanders scuth-
easterly to the center of the city, turns to the northeast for about a
mile, and then resumes a general southeast course to its mouth in Provie
dence, Rhode Island, The total fall within Woonsocket is L2 feet in a
distance of L,5 miles, Of this L2 feet, 37 feet have been developed by
three dams for power and industrisl processing purposes, Power is no
longer being produced at two of these sites,

b



.5 Description of tributaries.- Two tributaries, the Mill and
Peters Rivers, flow into the Lower Woonsocket survey area, Both enter
the Blackstone River from the north near the center of Woonsocket, a
short distance upstream from the U.5.G.S. gaging station,

,5.,1 Mill River,- The Mill River, with a drainsge area of 34.7
miles, originates at North Pond in Milford, Massachusetts, and flows
in s southerly direction for 18 miles to its confluence with the
Blackstone River, The Mill River has a total fall of 23 feet in its
one mile reach within Woonsocket, Prior to the record flood of
Aupust 1955, which destroyed ail dems on the Mill River within the
city, Harris Pond was impounded by a dam with a head of 36 feet, located
st the city limits on the Rhode Island-Massachusetts state line. Four
subsidiary dams, used to divert water for industrial purposes, were
located downstream from Harris Pond, Use of these dams for industrisl
water was largely discontinued before the Angust 1955 flood. None of
of these dams has been replaced since this flood,

4.,5,2 Peters River.- The Peters River has its source sbout L miles
northeast of Woonsocket at the outlet of Silver Lake in Bellingham,
Massachusetts, It flows in a general southwesterly direction for 4,8
miles to its junction with the Blackstone River and drains an area of
12,7 square miles, The total fall within Woonsocket is 68 feet in a
distance of 1,3 miles, A few feet of this fall are developed at a
small mill pond which stores water for industrial processing,

i,6 Maps.~ The Woonsocket area is shown on standard quadrangle
sheets of the U,8. Geological Survey, scale 1331,680, and on Army Map
Service topographic maps at & scale of 1:25,000. The Army Map Service
has issued two topographic maps entitled Boston (NKi9.l) and Providence
(NK19=7), scale 1:250,000, which together cover the entire Blackstone
River watershed,

5, ECONOMIC DEVELOPMENT OF WOORSOCKET AREA

5.1 Population.,- Official population figurescompiled by the
Bureaw. of the Censug, U,S5, Department of Commerce, are given below for
both the City of Woonsocked and the greater Woonsocket area. The
greater Woonsocket area includes the adjacent towns of Blackstone and
Bellingham, Massachusetts, and North Smithfield, Lincoln, and Cumber-
land, Rhode Island,



Woonsocked Greater Wbonsécket

Yoar Population Population
1930 119,376 81,909
1940 49,303 82,2h6
1950 50,211 89,117

5,2 Indostry.- The textile industry has long been the base of the
aconomy of Woonsocket, There are presently over 50 cotton and wool
textile plants engaged in various stages of processing and manufactur-
ing., In addition, there are two large manufacturers of rubber products
and machinery, In recent years there has been a decrease in the voiume
of textile manufacturing in New England and Woonsocket has shared in
this loss, During the past few years this trend has been partially
offset by the establishment of other types of industry in the mills
vacated by textile firms., The new industries were attracted by the
guality and availability of skilled labor in the region, ZRHecent addi-
tions inelude manufacturers of plastic and electrical products.

5.3 Transportation.- The Woonsocket area is served by a system of
modern transportation facilities, which inelunde several highways, two
branch railroad lines, and a nearby airport. The Blackstone River is
navigable in its tidal reach below Pawtucket, Rhode Izland, Transporta-
tion faclilities are described in the following paragraphs and the high-
way system is shown on Plate No, 1,

5.3,1 Highways.- Twe State Routes, No, 1h6 and No, 122, parallel
the Blackstone Hiver and provide Woonsocket with comnections to Provi-
dence, Bhode Isiand; and Worcester, Massachusetts, Between Woonsocket
and North Providence, Route 1h6 is a modern four-lsne divided highway.
State Route No, 11, together with Routes 1A and 1h0 to the east, pro-
vide a commection with U.3, Route No, L to Boston and other northerly
points, Beveral other hard surfaced, numbered highways connect with
the extengive system of state and U,3, routes which serve southern New
England,

5.3.,2 Railroads,- Two branch lines of the New York, New Haven and
Hartford Railroad provide passenger and freight service to the Woon-
socket area., One line paralleling the Blackstone River from Providence,
Rhode Island, %o Worcester, Massachusetts, provides comnections to the
main line between Boston and New York zt Providence and to the main
line of the Boston and Albany Railroad between Boston and Albany at
Worcester, Massachusetts, The second line, passing through Blackstone,
Massachusetts, about 2 miles to the northwest, provides service from
Boston southwest to other points in Massachusetts and Connecticut,

é



5.3.3 Alrways.~- Northeast Airlines msintains regularly scheduled
flights to the Herth Central Airport in Smithfield, Rhode Island, The
airport, located approximately 8 miles south of Woonsocketg serves the
Providence -~ Pawtucket - Woonsocke: area.

5.4 Development of water resources.- The Blackstone River was, at
one time, one of the most highly developed streams in the nation, Numer-
ous industrisl concerns, attracted by potential power sites, availa-
bility of process wabter, transportation facilrbles, and nearness to
markets, located and developed along the main river and its tributaries.
Three dams have been constructed on the Blackstone River in Woonsocket,
and other dams have been built on the tributary Mill and Peters Rivers,
Information on the past and present use of water resources ils contained
in the following paragraphs, See Tebles Iand II for pertinent data on
dams and water resource developments in the City of Woonsocket,

5.4,1 Power,- In the past, power was developed in Woonsocket
at three dams on the Blackstone River and at one on the Mill River,
At the present time, all mills in Woonsocket have replaced hydro-power
with commercial power., This has been brought about by the availability
of low cost slectrical power, an increase in the requirements of the
mills beyondthe available stream flow or the capacity of the installa=-
tions, and the cost involved in replacing obsoclete equipment, Hyiro-
power is presently developed at Bernon Dam, omed by the Blackstone
Valley Gas and Electric Company, :

Bernen Dam, with a groes head of 13,7 feelt, produced commercial
electrical power prior to the record flood of August 1955 which damaged
the generating facilities. These facilities have since been repaired
and placed in cperation, However, representatives of the Blackstone
Valley Gas and Electric Company have informally indicated that they
would offer no opposition to the removal of the dam as part of a flood
control plan, because the generating facilities are old and furnish
less than one percent of the city's power requirements,

5.41.2 Industrial water,- . The industries in Woonsocket, predomi~
nantly textile, require large supplies of water for processing purposes.
Water is presently diverted from the main river into canal systems by
the Woonsocket Falls Dam and the Hamlet Dam, MNumerous mills draw
water from the canals for cooling, washing, dyeing, and other purposes,
Other plants pump water direetly from the river,

Harris Pond on the Mill River, with a eapscity of about 19300
acre-~feet, and four subsidiary dams, formerly provided water for power
and processing, With the excepiion of one mill, use of this water was



TABLE I
PAST AND PEESENT USE OF DAMS
BIACKSTONE AND MILL RIVERS IN WOONSOCKET AREA#

Miles
Above Drainage Product Gross Crest Installed  Water
Location Mouth Ares Ouner : Hemufactared ‘Head Elev, Capacity Use Remarks
(sq.mi,)} (ft.) (m.s.l.) {HF) - .
BLACKSTONE RIVER:
Manville 1k,6 h30 Royzl Elec, Co., Electrical Prod, 18,2  106.7 1,206 Power & Water rights not used, M1l badly
Processing damaged by August 1955 flood
and destroyed by firs in Sep-
tember 1955, Water rights not
in use prior to flood,

Woonsocket 18,0 369 Blackstone Val- Electric Power 5.3 15,8 - Pover & Turbines removed, Part of water -

(Hamlet Dam) loy Gas & Processing presently diverted to adjacent
Elec. Co, -mills for processing purposes,

Woonsocket 18.7 369 Blackstone Val- Electric Power = 13,7 - 129.8 503 Power

(Bernon Dam) ley Gas &
Elec, Co.

Woonsocket 19.0 369 Blackstone Val- Electrie Power 16.0 18,1 _ 503 Power A1 power facilitles abandoned.
(Woonsocket ley Gas & Current wse 1is for processing
Falls Dam) Elec. Co. purposes only. Water rights and

’ Woonsocket Falls Velours & Plushes 18,0 523 Power & maintenance of dam and canal
M1 Processing " system are administered by a .
Lippitt Worsted Cloth 16.0 200 " Master of Chancery. Additional
Mill abandoned rights are owned by
Ray Cotton Co, Cotton and Wool 6.0 160 - " the City of Woonsocket.,
: Waste
Marragansett Woolen Goods 8.0 50 Power
Foitting Mills -
Clinton Mill Velours & Flushes 18,0 335 Power &
{Woonsocket Processing
Falls Co.)

#Includes dam in downstrean village of Mam'ille, since studies .'u:clude effect of this
dam on water surface elevations in Woomsocket.



TABLE I (conttd)

Mles
Location Above Drainage Product Groas Crest Water
Mouth Area Owner Mapufactired Head Elev. Use Remarks
(BQami-) (ﬁa-) (m_,s.l.)
MILL RIVER:
Woonsocket 0,5 35 Guerin Mills Cloth 1.7 125.3 Processing ﬁeatroyed by August 1955 flood.
Woonsocket 0.5 35 Guerin Mills Clioth 0.7 126,9 Processing No crest; flashboarda only.
Deatroyed by August 1955 flood,
Woonsocket 0,6 34 Woonsocket Rayon  Rayon Yarn 5.7 133.0 Processing Abandoned and sdbsequently
Company . destroyed by August 1955 flood,
Woonsocket 0.8 3k Woonsocket Rayon Rayon Yarn - 162,0° Processing Abandoned and subsequently
{Horseshoe Company . destroyed by Auvgust 1955 flood,
Dam) This is a secondary spillway
and its head is included under
Harris Danm,
Woonsocket- 0,9 3k B. Cohen & Son Wool Waste 36,0 169.0 Power and Abandened; later used for
Blackstone Processing recreation and dowmstream
- (Harris Dam) - regulation, Dam destroyed

by Avgust 1955 flood,



discentimued prior to the record flood of Angust 1955, This flood
destroyed all five dams and terminated this water use entirely, Water
from the Feters River is used at one small dam with a negligible amount

of storage, Industrial water is also obtained from the municipal water
supply and from ground water, See Table II for a tabulation of industrial
water used,

5.1,3 Domestic water.~ large quantities of industrial and other
wastes which are contimonsly discharged into the Blackstone and Peters
Rivers preclude the use of these streams as sources of domestic water,
Woonsocket presently has three municipal reservoirs in the adjacent
towns of North Smithfield and Lincoln, These reservoirs are located
on Crockfall Brook and yield about Li.h miillion gallens per day, Ap-
proximately 36 percent of this water is used for domestic purposes by
56,000 persons the eity and in nearby portions of North Smithfield
and Lineoin, The balance of this supply is used for industrial purposes,

The city is presently seeking additional sources of domestic water,
Plang have been developed for a well system to supplement the existing
water supply, Investigations made in 1950 by the Rhode Island Port and
Industrial Development Commission indicate that ground water in Woon-
socket is probebly the most valuable geologic resource in the area and
that this resource is presently underdeveloped, The acquisition of
Harpris Pond on the Mill River and reconstruction of the dam is also
under consideration, See Table II for a tabulation of domestic water
used,
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TABLE II
INDUSTRIAL AND DOMESTIC WATER USED

WOONSOCKET, RHODE ISIAND

Water Used in Gallons Per Day 1

Source Industrial Domestic Total
Muniicipal Reservoirs 2,840,000 1,585,0002 1,425,000
Private Water Supply 3 2,284,000 - 2,284,000
Gromund Water 88,000 - 88,000
Total 5,212,000 1,585,000 . 6,797,000

1 Estimated for January 195k,
Serves 50,000 persons in Woonsocket and an additional 6,000 in
nearby portions of the towns of Lincoln and North Smithfield,
Water diverted or pumped directly from Blackstone, Mill, and
Peters Hivers,

6. CLIMATOLOGY

6,1 Climste,~ The Blackstone River Basin has a humid, conti-
nental climate, modified by the effects of the Atiantic Ocean,
Variabie weather conditions within the seasonal regimen are common,
The basin has an average annual temperature of L9°F., The mean
snnual precipitation, based on a prelimingry study of New England
rainfall made in 1952 by the U,S. Weather Bureau, is about L5 inches,
Appendix A contains detailed information on ¢limatology, based on
published records of V.S, Weather Bureau stations at Worcester, Massa-
chusetts, and Providence, Rhode Island.

6.2 Temperature.- Average monthly temperatures vearywidely
throughout the year, from T1CF, at Worcester and 739, at Providence
in July, to 259F, at Worcester and 29°F, at Providence in February.
Extremes in temperature range from occasional highs slightly in
excess of 1000F. to infrequent lows in the minus "twenties," par-
ticularly in the northern portions of the basin, The monthly and
anmial temperature records for Worcester and Providence are given
in Table A=I of Appendix 4,



6,3 Precipitation.~ Maximum and minimum amnual precipitation at
Worcester, during 102 years of record through 1955, are 61,7 inches and
27,9 inches, Mean monthly rainfzlls at Worcester range from a minimum
of 3,19 inches in February to a maximum of 4,06 inches in August, During
August 1955, a total precipitation of 18,58 inches was recorded at
Worcester, The monthly and annual) precipitation records for Worcester
and Providence are given in Table A-II of Appendix A,

6.y Snowfall,.- About one-third of the precipitation during the
winter months is in the form of snow, The ammusl basin srowfall averages
from 30 to L0 inches, with extremes ranging from 30 inches in the
southern portions to about 60 inches at northern inland points, The
average annual snowfalls at Worcester and Providence for the period of
record through 1954 are 56 inches and 33 inches, respectively., The
water content of the snow cover over the entire basin in the late winter
or early spring seldom amounts to more than 1 or 2 inches, On rare
occasions it amounts to over 3 inches at interior locabtions.

6,5 Characteristics of storms,- Three general types of storms occur
in the Blackstone River Basin: continental, coastal, and thunderstorms,

6,5.,1 Continental storms,- Continentzl storms originate over the
United States and southwestern Canada and move in a general easterly
and northeasterly direction, These storms, of the cyclonic or station-
ary type, are the most frequent and occur in every season of the year,

6,5.2 Coastal storms.- Hurricanes are the most severe of the coastal
gtorms affecting New England. Although their normal paths carry them east
of New England, they are occasionally deflected by continental cyclenic
disturbances or by a large, slow moving, anticyclonic center located
northeast of New England, In general, hurricanes occur during the months
of June through October with the greater incidence of such storms in
August and September. Coastal storms of extra-tropical origin travel
parailel to the paths of hurricsnes, bub generally further westward, and
cover a much greater area with precipitation, They oceur most frequently
during the autumn, winter, and spring months,

6,5.3 Thunderstorms,- Thunderstorms cccur generally during stmmer
months and are of local origin or associated with a rapidly moving
frontgi system, Intense precipitation and strong winds affecting
relatively small areas are characteristic of these storms,
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7, HRUNOFF AND STREAM-FLOW DATA

T.1 OStream-~fiow records.- Stream flow in the Blackstone River Basin
is measured at five U,S. Geologicsl Survey gaging stations on the Black~
stone River and its principal tributaries, Data on these stations is
summarized below.

STREAM GAGING STATTONS

BLACKSTORE RIVER & TRIBUTARIES

Drainage Period of
Stream Station Area Receord
~ (sq.mi,]

Kettle Brook Worcester, Mass, 31.3 1923-1956
Quinsigamond N, Grafton; Mass, 25.5 1939-1956
Blackstone Northbridge, Mass, 139.0 1939-1956
Branch Forestdale, R.I, %h.8 1940-1956
Blackstone Woonsocket, R,I, 416.0 1929-1956

Locations of these stations are showﬁ on Flate No, 1, Records
from these stations are generally good to excellent, There are no
records of fiow on the Mill and Peters Rivers,

7.2 Bunoff.,- Flow data applicable to the survey area was de-
termined from Woonsocket U.S5.G.S. gaging station records. The anmual
runoff st the Woonsocket gage Ior 27 years of record, through Septem-
ber 1955, varies from 37.06 inches to 10,62 inches with a mean of
23,00 inches, The mean annmal runoff represents approximately 50
percent of the mean annual precipitation., Table A-III in Appendix A
gives the monthly and anmual runoff record for the Woonsocket gage, -
Discharge hydrographs for this gage during the period of record
(1929-1955) are shown on Plate No, A-1,

8, FLOODS OF RECORD

8.1 TFlood causes.- Flooding in Woonsocket is caused by heavy
rainfall or heavy rainfall combined with melting snow, Serious
floods can be expected to occur during any season of the year, Run-
off is rapid due to generally hilly topography and a thin soil cover
which is not conducive to infiltration of heavy rainfalls for any
appreciable length of time, The flood of March 1936 had two peaks:
the first caused by rainfall combined with snowmelt, and the second
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by heavy rainfail, Heavy raing during summer and fall months produced
the fioodsof August 1955, July 1938, November 1927, September 1951&‘9
October 1955,

8,2 Historie floods.,- Information concerning major floods in the
Blackstone Hiver Basin dates back to the begimming of the 19th century,
Except for fiocods which occurred in the past 30 years. information on
past floods is scant and general, A list of floods which securred prior
to the establishment of stream gaging stations on the Blackstone River
followss

HISTORIC FLOODS

BIACKSTONE RIVER BASIN

March 1818 February 1886
March 1876 September 1887
Mareh 1877 November 1927

Except for the flood of November 1927, there is no reliable informa-
tion on the magnitude of these floods, However, available records
indicate that they all caused damages,

8.3 Major floods of record,- Reliable records of flood stages and
discharges in Woonsocket have been kept since 1929. Five major floods
have occurred during the period of record, three of which caused heavy -
damages in the survey area, A summary of these five floods, including
estimated data on the flood of November 1927, is given in Table A-IV in
Appendix 4,

The March 1936 flood was caused by four distinet storm centers which
passed over the northeastern part of the United States between ¢ and 22
March, There were actually two flood peaks of about equal magnitude and
gix days apart. The first peak was caused by a combination of rainfall
and snowmelts rainfall, varying from 3 to 7 inches, produced the second
peak, The peak discharge of the November 1927 flood was of the same
magnitude as the flood of March 1936, and occurred a few years prior to
the establishment of the Woonsocket gage,

Heavy precipitation in the southern half of the watershed produced

the flood of July 1938. Flooding in the headwaters was light. The peak
discharge at the Woonsocket gage slightly exceeded that of March 1936,

b}



The flood of August 1955 was the greatest flood of record in the
Blackstone River Basin, The peak discharge st Woonsocket was about
twice the magnitude of the previous record discharge, This flood was
the result of 7 to 13 inches of rainfall vhich accompanied hurricane
"Disne" on the 18th and 19th of August and fell on ground previously

saturated by 2 to 5 inches of precipitation left by hurricane "Connie®
a few days earlier,

¢, FLOOD FREQUENCY

The frequency, or percent chance of occurrence in any one year,
of pesk discharges on the Blackstone, Mill, and Peters River was de~
termined from records of the U,S, Geological Survey gaging station in
Woonsocket, The frequency'analysis was made in accordance with pro-
cedures described in Civil Works Engineer Bulletins 5l=1 and 51-1k.
During high flows on the Blackstone River, a backwater condition
oceurs resulting in high stages 3in the lower reaches of the Mill River,
Therefore, the discharge-frequency data on the Blackstone and Mill
River was related to stage, and a composite stage-~frequency curve
was developed for the lower reaches of the Mill River, Frequency
curves are shown on Plate A-2 of Appendix A,

10, STANDARD FEGJECT FLOOD

The gtandard project flood {SPF) was developed from the standard
project gtorm (SPS? rainfall and an adopted unit hydrograph, The SPS
roinfall was based on e¢riteria desecribed in Civil Works Engineer
Bulletin No, 52-8, It is assumed to be uniformly distributed over the
Blackstone River watershed sbove the Woonsockebt gape and amounts to
12,0 inches in 72 hours with a maximmum 2h-hour value of 9,6 inches

and a maximum 6-hour valuwe of T.h inches, After a review of stream
gaging and precipitation records, the floods of July 1938, September
195l;, and August 1955 were selected for unit hydrograpt analyses,

The adopted unit hydrograph, based on the analyses of the three floods,
is shown on Plate No, A-3 in Appendix A,

The SPF for the Blackstone River at the Woonsocket gage was derived
by applying the SPS rainfall exeess to the adopted unit hydrograph,
Similariy, standard project floods were develoved for both the tributary
Mill and Peters Rivers, The computed SFF discharge for the Blackstone
River in Woonsocket amounts to 30,000 c¢.f.s, above the junction of the
Mi11 and Peters Rivers and 34,500 ¢.f.s. below the junction of these
tributaries. The computed SPF discharges for the Miil and Peters Rivers
are 6,700 ¢.f,8, and 2,600 ¢.f,8,, respectively, In adopting design
discharges9 consideratlon was given to the reduction in the Blackstone
River standard project flood which would be afforded by the authorized
West Hill Reservoir,
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11, EXTENT AND CHARACTER OF THE FLOODED AREA

The City of Woonsocket, with a population of 50,211 (1950 census),
is one of the major textile producing centers of New England, The
economy of the city is based largely upon textiles. In recent years
there has been an increasse in the diversification of industry., Indus-
trigl activity in the ecity includes the manufacture of machinery, rubber
goods, plastics, and electrical products, Some 50 textile plants are
located along the natural water~courses of the Blackstone, Mill, and
Peters Rivers within the c¢ity, utilizing a highly developed system of
water-supply canals, highways, and two branch lines of the New York,
New Haven and Hartford Railroad which connect directly with the main
line between New York aznd Boston,

During the record flood of August 1955, the Blackstone, Mill, and
Peters Rivers inundated an estimated 270 acres of the highly developed
and thickly settled area of Lower Woonsocket, downstream from South Main
Street, More than 300 buildings of 2ll1 types were affected. Damages
ranged from flooded and heavily silted basements to total destruction,
Industrial concerns with plants located on low ground along the water-
ways were particularly hard hit. Over 20 industrial concerns, the
majority producers of wool textiles, experienced severe losses, These
industries have an average annual employment of some 2,800 workers,
representing approximetely 25 percent of Woonsocket's industrial em~
ployment, with an aversge anmual payroll of more than 7 million dollars,

Severe flooding and a heavy concentration of damages occurred in
the Social District on the left bank of the Blackstone River near the
confluence of the Mill and Peters Rivers., Following the breach of
Harris Pond dam, a powerful surge swept down the Mill River and cut a
wide swath of destruction, This surge destroyed the Privilege and East
School Street bridgesand scoured out extensive sections of the bridge
approaches, gouged new chammels in several places, and deposited tons
of silt and debris on the floors of millg and other buildings in its
path, Commercial and residential damages were especially heavy in the
heart of the Scocial District as a result of the combined fiooding of
the Blackstone, Mill and Peters Rivers,

Throughout Lower Woonsocket publlc utilities, highways, and rail-
road lines were severely damaged, causing a complete and lemgthy disrup-
tion of normsal activities, In addition to the great physieal damages
caused by the flood, a serious menace to public health existed as s
result of polluted floodwaters and heavy silting.

Prior to the record flood of August 1955, three floods of major

proportions, those of November 1927, March 1936, and July 1938 cccurred
in Lower Woonsocket., Although stages caused by these flcods were
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approximately 7 feet below the flood crest of August 1955, damages were
serious, Flooding in the Social Distriet resulted in substantial resi-
dential and commercial losses. Damages sustained by the textile indus-
tries in Lower Woemsocket also accounted for a large part of the losses
caused by these floods,

Like other New England textile mamufacturing centers, Woensecket
has been affected by the declime in recent years of the textile economy
in the Northeast. The general economy of the city has been bolstered
somewhat by the movement of several new manufacturers of diversified
products into the flood-free portions of the eity, However, an im-
portant segment of the industrial and commercial center of Lower Woone
gocket, with established railread and highway facilities, is located
in the flood srea. of the Blackstone and Mill Rivers. There is little
doubt that possibilities for further development and uwtilisation ef
existing available lands and buildings, which otherwise would be
attractive to-mew industries, will remain wnrealized under the threat
flood repetition, :

12, TFLOOD DAMAGES

12,1 General,- Unprecedented devastation was caused in Lower
Woongocket by the record flood of August 1955, In the area downstream
frem South Main Street, including the area inundated by flooding of
the Mill and Peters Rivers, 1955 losses amounted to over $12,300,000,
representing about 57 percent of the losses in the city as s whole.
This estimate of losses is based en the findings ef a detailed flood-
damage survey conducted immedistely after the flood, A& deseriptien of
%amage arsas and a summary of losses by area and type are given in

able III, : ‘

It is estimated that a recurrence of the stages produced by the
floods of 1927, 1936, and 1938, which were of approxmately the same
magnitnde, under eeoxaomie conditions existing in 1956, would cause
logses in Woonsocket smounting to $4,400,0600 in each ins‘bancea About
25 percent of these damages would occur in the Lower Woonsocket area,
downstream from South Main Street bridge. A recurrence of the August
1955 f£lood in Lower Woonsocket would cause losses estimated at
sm,zee,eoo. . :

12,2 Type and dlstr:.buti@n of losses, The~ ﬁ'agust 1955 fleod .
struck heavily at imdugtrial eoncerns in Lower Woonsocket, A loss of
over $3,400,000, representing almést 30 percent of the loss in the
area downgiream from South Main Street, was sustained by a total of
23 companies, The swift currenmt of flood waters was responsible for
the great intensity of destruction in several areas, notably aleng
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Total

. TABLE III

-ABGUST 1955 FLOOD LOSSES BY AREA AND TYPE

LOWER WOONSOCKET, RHODE ISLAWD
(Losses in $1,000)

'DESCRIPTION OF AREAS

Left Bank of Blackstone River from South Main Street. to, Hamlet Averme Bridge
Mill River from Harris Pond Pam to East School Street
Right bank of Blackstone River from South Main Street to Hamlet Avenue Bridge

Both ‘banks, Blackstene River from Hamlet Avenue bridge to City Line

Urban Industrial Utility Highway Railroad Total

b h30, hoo, 170, 710, h70, 6,180,
730, 2,290, 30, 390, - 3,40,

- o, 250, 390, 160, 1,510,
e d0e 320 10, 800, — 1,200.
5,230, 3,h20, h60, 2,290,% 930. 12,330,

#Includes bridge losses of $1,800,000.



the Mill River below Harris Pond and along the left bank of the Blackstone
River between South Main Street and Hamlet Avenue. Industrial losses
were extremely heavy in the area sbove East School Street as the result
of the devastating surge created on the Mill River when Harris Pond dam
failed.,

A number of textile mills located on the left bank of the Black-
stone River sustained severe losses under the impaet of swiftly flowing
floodwaters which covered floors to a depth of 9 feet, In the Hamlet
District on the right bank, the French Worsted Company and the Argonne
Worsted Company experienced heavy losses,

Damage to residential and commercial properties in Lower Woonsocket
amounted to over $5,200,000, representing over 4O percent of the total
loss, Most of this urban damage occurred in the areas aleng the Mill
River and the left bark of the Blackstone River, with a high comcentra-
tion of destruction near. the mouth of the Mill River in the heart of
the Social Distriet. Damages ranging from flooded and silted base-
ments to total destruction were experienced by approximately 150
dwellings and 190 commercial establishments, Five 2-story dwellings
on Soclal Street were demolished by 9 feet of swiftly flowing water,
The extreme depth of flooding and extensive silting forced the evacuae
tion and temporary condemmation of more than 100 tenement houses in
the area, A serious health hagard was created by heavy deposits of
muck and debris on the streets and in basements and first floors of
the buildings,

Public utilities and transportation facilities throughout the area
were totally disrupted, The Privilege and East School Street bridges
were destroyed and the Hamlet Avenue bridge, one of the main links in
the highway system, had to be condemmed, Two other bridges sustained
major damages and nine others minor damages, Power and commmication
facilities were alsc heavily damaged, Damage to bridges and highways,
which included seversl severe washouts, amounted to over $2,200,000,
representing about 20 percent of the total loss, -

12,3 Average annual losses.~ Hecurring flood losses have been
converted to an annual basis for the purpose of economie evaluation and
comparison of benefits to costs., Estimates of anmual losses have been
derived in accordance with the standard practice of the Corps of Engineers
of correlating stage-~damage, stage-frequency, and damsge-frequency rels-
tionships., Average annumal losses remaining in Lower Weonsocket, after
reductions which would be effected by the authorized West Hill Reservoir,

amownt to $215,000, - ..

Appendix'c; “?iééd‘Leéées and Benefits," contains detailed degcripw
tions of damage surveys, analyses of damage, and derivation of anmumal
losses and benefits,
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13, EXISTING CORPS OF ENGINEERS FLOOD CONTROL FROJECTS

13,1 Existing projects.- The Flood Control Act of 19k authorized
-~ four flood control projects in the Blackstone River Basin, These are

~ the West Hill Heservoir on the West River in Massachusetts and three
local protection projects for Worcester, Massachusetts, and Woonsocket
and Pawtucket, Rhode Island, The Worcester and Pawtucket projects have
no effect on flows and stages of the Blackstone River at Woonsocket.

. 13+2 West Hill Reservoir.- The West Hill dam site is on the West
River in the Town of Uxbridge, Massachusetts, approximately 12,5 miles
upstream from the center of Woonsocket, The project provides for 11,900
acre~feet of flood control storage, which is equivalent to 8,0 inches
of runoff from its drainage area of 28 square miles, This drainage area
represents 6,7 percent of the drainage areas of 416 square miles at the
U.5.G.5. gaging station in Woonsocket. The reservoir, currently in the
planning stage, would effect a one~foot stage reduction in the standard

roject flood at Woonsocket, The totel estimated cost of the project is
$35360,000 (1956 price level), Expenditures for engineering studies
amount to $83,000 through 30 June 1956, The last approved estimate of
the annusl cost of meintenance and operation is $16,500 (1951),

13,3 Hoonsocket Local Protection Project,- The existing project is
immediately upstream from the area investigated for this report, It will
provide protection for the area upstream from South Main Street bridge.
This will be accomplished by deepening, wideming, and straightening the
Blackstone River channel from South Main Street bridge upstream for about
8,300 feet to a point near the Massachusetts-Rhode Island state 1line; by
replacing the existing Woonsocket Falls Dam with a new dam with crest
gates; and by constructing dikes, a floodwall, and a pumping station in
an indugtrial area on the left bank nesr the upstream end of the project.
This project will have negligible effect on flood flows and stages in the
Lower Woonsecket area. The total estimated first cost is $5,769,000
(1956 price level); local cost is estimated at $769,000. The estimate
for amual maintenance and operation is $20,000 (1556 price level), Con-
strucgion was initiated in July 1956 and is scheduled for completion
in 1959, :

1&; IMPROVEMENTS BY OTHER FEDERAL AND NON-FEDERAL ACGENCIES

The authorized Woonsocket Local Protection project, discussed in
paragraph 13,3, is the only Federal flood comtrol project in Woonsocket,
Non-Federal or private agencies have constructed no flood control improves
ments in Woonsocket., There are presently three dams on the main river
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in Woonsocket and one on the tributary Peters River, Five other dams
on the Mill River were destroyed by the flood of August 1955, The
past and present use of these dams are discussed in paragraph 5.k,

Channel improvement studies made for this report found that removal
of the two lower dams on the main river, Bernon Dam and Hamlet Dam,
would be desirable for flood control purposes, Removal of a presently
unused dam in Manville, located 3.5 miles downstream from Woonsocket,
was also considered, Hydraulic studies indicated, however, that removal
of this dam would have a negligible effect on flood stages in Woonsocket,

15, IMPROVEMENTS DESIRED

A public hearing was held &t Woonsocket, Rhode Island on 26 Novem-
ber 1956, All interested parties were invited to attend the hearing
and present their needs and views, Approximately 150 persons attended,
including the Governor of Rhode Island, representatives of Congressmen
in the area, state and lecal officials, manufacturers, businessmen, and
representatives of local organized groups and the lecal utility company,
A flood control plan under consideration by the Corps of Engineers was
presented at the hearing, All speakers expressed strong support for the
immediate construction of the improvements under consideration and, in
addl'bien, urged that the plan be modified to imclude protection for a
larger area, Subsequent studies resulted in an expansgion of this plan
to include a dike and floodwall on the right bank of the Blackstone
River in the Hamlet District area, and the removal of Hamlet Dam and
channel excavationin the vicinity of the dam, The expanded plan is
described in Section 17, A digest of the hearing record is contained
in Appendizx F,

16, FLOOD PROBLEMS AND SOLUTIONS CONSIDERED

16,1 Flood problem,- The Blackstone River is susceptible to
floods cazused by heavy rains or a combination of heavy rains and melt-
ing snow. Bunoff is rapid owing to generally hilly topography and
2 thin soil cover which is not conducive to infiltration of heavy rain-
falls for any appreciazble time, Hipghly developed areas of Lower Woon-
socket, congigting of industrial and commercial sites with congested
residential developments, are located in the flood plain, A recurrence
of the August 1955 flood in Lower Woonsocket, without flood protection,
would cause an estimated loss of $10,200,000.

16,2 Solutions considered, Several practical methods of protecting
Lower Woonsocket from damaging floods were considered, A preliminary
snalysis of possible solutiong to the flood problem indicated that a
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general channel improvement on the Blackstone River or reservoirs on
the tributary Mill and Peters Rivers might provide a partial solution.
Channel improvement on the Blackstone River .and a reservoir on the Mill
River proved to be uneconomical and would provide inadequate protec-
tion., A reservoir on the Peters River was discarded early in the
studies, because it would effect megligible reductions in flood stages
at Lower Woonsocket and at other downstream damage points, The recons
gtruetion of Harris Pond dam on the Mill River at the city limits was
also considered, However, analysis revealed that the feormer reservoir
had a storage capacity of less than one inch of runoff and that no sub-
stantial inerease in capacity could be effected due to extensive
development in the area, thereby precluding its use for flood control

purposes.

The most economical solution to the flood control problem, as it
exists in the area concerned, is the construction of dikes and flood-
walls with appurtenant works at two sub-areas and the removal of
Hamlet and Bernon Dams with contiguous channel excavation, The entire
plan is described in section 17, Dikes and floodwalls in other areas
were found to be uneconomical, Combinations of the general channel
improvement or the regservoir on the Mill River with dikes and flood-
walls were alseo considered, However, since the channel improvement
and the reservoir lacked economic justification when sssigned a first
priority of benefits, it was apparent that they would be unjustified
as incremental unltso

Except for the previocusly discussed reservoirs on the Mill and
Peters Rivers, this interim report does not include studies of reser-
voirs in the Blackstone River Basin upstream from Woonsocket, &n
analysis of the authorized West Hill Reservoir indicated that addi-
tional upstream reservoirs would not materially affect the size of
local protection works at Lower Woonsocket. Operation of the West
Hill Dam and Reservoir would reduce the stage of a recurring August
1955 flood by one foot, A preliminary analysis revesled that any
regervoirs that may be developed in the Blackstone River Basin sbove
Woonsocket would control smaller drainage areas than the West Hill
Reservoir and would effect smaller reductions, In the event that
additional reservoirs are developed as & result of the authorized
review of prior reperts on the Blackstone Biver Bagin, such reser-
voirs would serve to increase the degree of protection prov1ded by
local works.

The economically justified plan of dikes and floodwalls, dam
removal, and appurtenant works lis deseribed further in the following
paragraphs and in Appendix D, Additional information on other plans
studied is contained in Appendix E,
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17, FLOOD GONTHOL PLAN

17.1 Lower Woonsocket Local Protection Project.- Improvements
considered most desirable for Lower Woonsocket are divided into three
independent floed protection units referred to separately as the
"Social District Unit," the "Hamlet District Unit®; and the "Bernon
Unit", The Social District unit is comprised of dikes and flood=-
walls on the left bank of the Blackstone River, pressure conduits
and other improvements along the lower reaches of the tributary Mill
and Peters Rivers, and removal of Hamlet Dam with contiguous channel
excavabion, The Hamlet District Unit would provide for a dike and
floodwall on the right bank of the Blackstone River, The Bernon
Unit is comprised of the removal of Bernon Dam and channel improve-
ment immediately upstream and downstream thereof,

17.,1.1 Social District Unit.~ The Social District Unit would pro-
vide for 2,550 feet of earth dike and concrete floodwall along the left
bank of the Blackstone River, Hamlet Dam would be removed and the river
channel would be excavated for about 1,300 feet adjacent to the dike
and floodwall, The confinement and discharge of Mill River flood flows
would be accomplished by the improvement of 2,740 feet of Mill River
channel, supplemented by the construction of 2,900 feet of earth dike
and 1,050 feet of twin-barreled pressure conduit, Similarly, the con-
struction of 900 feet of earth dike and concrete floodwall and 1,200
feet of pressure conduit would serve to confine and discharge flood
flows of the Peters River, Interior drainage would be handled by a
pumnping station,

Construction of the Socizl Distriet Unit would involve the acquisi-
tion of 7 sets of buildings, Alteration of mtilities would be required
at five points where a conduit would cross an existing street, Removal
of Hamlet Dam would necessitate the modification of existing water
pumping facilities at three textile plants, A cost estimate of the
principal features of this unit is presented in Table IV, Appendix D
contains drawings and more detailed information on cost estimates and
project features.

17,12 -Hamlet District Unit.- This unit would consist of 3,000
feet of earth dike with a short section of conerete floodwall along
the right bank of the Blackstone River, 4 pumping station would dise
charge interior drainage,

Construction of the Hamlet District Unit would involve the acquisi-
tion of 1 set of buildings and the relocation of a short section of
unpaved sccess road, A cost estimate of the prinecipal features is given
in Table V, OSee Appendix D for drawings and more detailed information
on estimates and project features.
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17.1.3 Bernon Unit.~ This unit wonld provide for the removal of
Bernon Dam and the excavation of 600 feet of Blackstone River channel
in the vicinity of the dam,

Construction of the Bernon Unit would imvolve the acquisition of
Bernon Dam and appurtenant facilities and the underpinning of Bernon
Street bridge, A cost estimate of the principal features of this unit
iy presented in Table VI, Appendix D containg drawings and more detailed
information on cost estimates and project features,

17.2 Design flood,- The Secial District and the Hamlet District
Units are designed to protect against a flood stage equal to that of the
standard project flood modified by operation of the authorized West Hill
Reservoir, The Bernon Unit, a channel improvement upstream from the
Soelal and Hamlet District Units, would reduce the stage of a flood of
August 1955 magnitude by about 4-1/2 feet upstream from the dam, In the
event that Harris Pond dam is reconstructed on the Mill River immediately
upstream from the project area, it was assumed that adequate design of
the new dam would preclude a recurrence of the August 1955 failure, The
estimated discharge of the standard project flood at the U.S.G.S. gaging
station on the Blackstome River in Woonsocket is 34,500 ¢,f.s. under
natural conditions, and 31,900 e¢.f.s, after modification by West Hill
Reserveir, Upstream from the Mill River confluence, the natural and
modified flows of the Blackstone River standard project flood are 30,000
¢,f.8, and 27,800 ¢.f.8,, respectively, The estimated standard project
flood discharge is 6,700 ¢.f.s. for the Mill River and 2,600 ¢.f.s, for
the Peters River, The top elevation of dikes and fioodwalls provide
for a minimum of three feet of freebosrd asbove design flood stage. The
derlvation of the standard project flood and hydraulic design criteria
are presented in Appendix A, "Hydrology and Hydraulic Analysis."

18, MULTIPLE~FURPOSE FEATURES

The Lower Woonsocket Local Protection Project is designed solely
for flood protection and contains no multiple-purpose features,

19, RECREATIONAL DEVELOYMENT

: The components of the project arse unsultable for recreational
development,



20, ESTIMATES OF FIRST COST AND ANKUAL CHARGES

The total estimated first cost of the Lower Woonsocket Local
Protection Project is $k, 255,000 exclusive of the cost of water rights
at Bernon Dam, Resulting snnual charges are estimeted at $167,800,
First costs to the United States and to loeal interests are $2,970,000
and $1,285,000, respectively. Federal ammual charges amount to
$107,000, and non-Federal to $60,800, Cost estimates do not include
an allowance for the value of water rights at Bernon Dam, which is
owned by the Blackstone Valley Gas and Electric Company. Representa.
tives of the company have informally indicated that the generating
faeilities are old, that the installation furnishes less than one
percent of the city's power requirements, and that they would offer
no opposition to removal of the dam, The cost of the water rights
would not alter Federal costs and is not expected to materially affect
project economics,

Estimates have been prepared on the basis that local interests
would bear the entire cost of relecations, furnish all lands and
rights-of-way neecessary for construction and operation of the project
and, in addition, meke a cash contribution of part of the construction
cost owing to enhancement and higher utilization benefits aceruing to
the preoject., Local interests would be required to maintain and operate
the project after completiom,

Unit prices used in estimating costs are based on average bid
prices for similar work in the same general region, The adopted
urdt prices are adjusted to the 1956 price level and include minor
items of work which do not appear in the cost estimates, Anmusl
charges are based on an amnual interest rate of 2.5 percent, with
amortization of the project cost distributed over a S0-year period,
A summary of first costs and anmual charges is given in Tables IV
through VII, 4 detailed presentation of costs and anrmal charges,
including the basis of estimates and the allocation of costs to
local interests, is get forth in Appendix D,
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‘TABLE IV

SUMMARY OF FIRST COSTS
(1956 Price Level)

LOWER WOONSOCKET LOCAL PROTECTION PROJECT
SOCIAL DISTRICT UWIT

Landg, Damages, and Relocations

Lands & Damages $275,000
Relocations 285,000
Total Lands, Damages, and
Relécations $ 560,000
Gonstrustion
Channels $160,000
Dikes & Floodwalls ' 1,690,000
Pumping Station 260,000
Engineering & Design 240, 000
Supervision & Administration 150,000
Total Construction $2,840,000
TOTAL FIRST COSTS o $3,1400,000
Federal Kon-Federal
First Cost First Cost Total
Lands, Damages, and Relocations - $ 560,000 $ 560,000
Construction $2,400,000 hho, 000 2,810,000
Total $2,400,000  $1,000,000 $3,400,000
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TABLE V

SUMMARY OF FIRST COSTS

. (1933 Price Level)

LOWER WOONSOCKET LOCAL PROTECTION PROJECT

HAMLET DISTRICT UNIT

Lands, Damages, and Relécatipns

Lands & Damages
Relocations
Totzl Lands, Damages, and
Relocations '

Construction

Dike & Floodwall

Pumping Station

Engineering & Design

Supervision & Administration
Total Construction

TOTAL FIRST COSTS

Federal
First Cost
 Lands, Damages, and Relocations -
. Construction $1.50,000

Total $150,000
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$ 70,000
50,000

$250,000
240,000
50,000
10,000

Xon-Federal
Firgst Cost

$120,000
130,000

$250,000

$120,000

$580,000

$700,000

Total

$120,000
580,000

$700,000



TABLE VI

SUMMARY OF FIRST COSTS*

{1958 Price Level)

LOWER WOONSOCKET LOCAL PROTECTION PROJECT
BERNON UNIT

Lands, Damages, and Relocations

Lands & Damages
Relocations
Total Lands, Damages, and
Relecations

Construction

Channel

Ergineering & Design

Supervision & Administration
Total Construction

TOTAL FIRST COSTS

Lands, Damages, and Relocations
Congtruetion

Total

$ 14,000
21,000

$100,000
12,000
8,000

Yederal Won-Federal
First Cost First Cost

- $ 35,000
$120,000 -
$120,000 $ 35,000

*@ees not include the cost of water rights at Bernon Dam

28

$ 35,000

$120,000

$155,000

Total

$ 35,000
120,000

$155,000
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TABLE VII

SUMMARY OF ANNUAL CHARGES

(1956 Price Level)

LOWER WOONSOCKET LOCAL PROTECTION FROJECT

Federsl Annual Charges

Interest
Amortization

Total Federal Arneal Charges

_ Non-Federal Annual Charges

Interest

Amortizatien -
Maintenance and Operation
Interim replacements

Wet less of taxes

Total Non-Federal Anmial Charges

TOTAY, ANNUAL CHARGES

Soeial District Hamlet Pistrict Bernon

Unit Unit Unit  Total
$ 61,500 $ 1,00 $3,000 § 75,900
25,200 1,700 1,200 31,100
$ 86,700 $ 16,300  $h,200 $107,000
$ 25,600 $ 6,300 § 900 ¥ 32,800
10,500 . 2,600 koo 13,500
5,800 2,900 160 8,800
1,900 1,700 . - 3,600
1,500 Loo 200 2,100
$ 5,300 $ 13,900.. $1,600 $§ 60,800
$132,000 $ 30,000 . $5,800 $167,800



21, ESTIMATES OF BENEFITS

21,1 Floodwprevention benefits.~ The Lower Woonsocket Local

Protection Project would provide pretection for the Social Distriet

and part of the Hamlet District of Lower Woonsocket against a standard
rroject flood modified by operation of the authorized West Hill Reser-
voir, It would #lso provide partial protection for properties aleng
both banks of the Blackstone River between Hamlet Dam and South Main
Street bridge., The record flood of Augnst 1955 produced stages ap-
proximately one foot below the estimated stages of the standard project
flood under natural conditions, Without flood protection, a recurrence
of the August 1955 flood would cause losses of $10,200,000 in Lower
Woonsocket., Operation of West Hill Reservoir would reduce these recur-
ring losses to $7,150,000, The Lower Woonsocket Local Protection Pro-
gect would prevent an estimated $6,1k0,000 of this remaining loss, with

L, 900,000 attributable to the Social District Unit, $1,100,000 to the
Hamlet District Unit, and $140,000 to the Bernon Unit, Residual losses
of $1,010,000 would ocecur principally along the Blackstone River between
Bernon Street bridge and the New York, New Haven and Hartford Railroad
bridge and along the left bank downstream from Hamlet Avenue bridge.
Protection to eliminate these residual losses would require extensive
locgl protection works which lack economic justification,

For the purpose of economic analyses, recurring losses have been
converted to annugl losses according to the standard practice of the
Corps of Engineers, Annmual flood-prevention benefits were derived for
the reaches downstream from South Main Street by determining the differ-
ence between annual losses which would remain after discharge reductions
effected by the authorized West Hill Dam and Reservoir and those which
would remsin after supplementation by construction of the Lower Woon-
socket Project,

Anmual flood prevention benefits for the Lower Woonsocket Profect,
under economic condibions existing in 1956, would amount to $1h0,000.,
Of this total, annual benefits of $11h,000 would be realized by the
Social District Unit, $17,000 by the Hamlet District Unit, and $9,000
by the Bernon Unit, The derivation of anmmal flood losses and flood
prevention benefits is discussed further in Appendix C, "Flood Losses
and Benefits,"

21,2 . Enhancement benefits.- A survey of economic conditions and
an analysis of flood losses and benefits were made in the areas of
Lower Woonsocket considered for flood protection, in order to determine
the extent of enhancement or higher uwtilization of lands and buildings
which could be expected as a result of project construction, This
anglysls revezled that substantial development of lands currently idle
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and higher utilization of vacant industrisl and commercisl space can be
expected to follow the construction of the Lower Woonsocket Local Pro-
tection Project, The value of this enhancement would be an additional
benefit to the project. ;

4 study of past, present, and future use of idle lands and vacant
industrial and commercial space was made to obtain sufficient data fer
a sound economic analysis of potential anmual enhancement, Valuable
information was obtained from wvarious responsible sources such as city
officials, bankers, reasl estate brokers, industrial managers, and repre-
sentatives of the Chamber of Commerce, the Industrial Development Founda-
tion of Greater Woonsocket, and the Retail Trade Board,

The investigation revealed that a specific potential exists for en~
hancement and higher utilization of industrial and commercial space and
lands in the project protection areas of Lower Woonsocket, Available
evidence indicates, however, that no enhancement of lands or buildings
would be realized in the protection area of the Bernon Unit, The
following summary presents the estimated anmal enhancement benefits in
the Social and Hamlet Districts, Appendix C contains additional data
and a more detailed description of the derivation of these benefits,

SUMMARY OF ANNUAL ENHANCEMENT AND HIGHER UTILIZATION BENEFITS
(1956 Price Level)
Type of Enhancement or Social Distriet Hamlet District Total

Higher Utilization Unit Unit Benefits
Lands $50,300 $ - $50,300
Industrial Space 11,000 23,000 3k,000
Commerecial Space 10,700 - 10,700

Total $72,000 $23,000 $95,000

21,3 GCollateral benefits.~ The Lower Woonsocket Local Protection
Project would realize no benefits to fish and wildlife, recreation,
pollution sbatement; or other collateral purposes.

2l.h Intangible benefits,~ Significant intangible benefits to the
general welfare and security of the people, which cannot be measured in
monetary terms, would be reaiized from the construction of the Lower
Woonsocket Local Protection Project. The economy and welfare of Woone
socket as a whole would benefit directly from revitalization of indus-
try and commerce in the affected area, In addition to reduction in
the potential threat of loss of life and physical injury to residents
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in the flood area of Lower Woomsocket, construction of the recommended
project would minimize, if not remove altogether, many of the dangers
accompanying a general flood, such ag the widespread menace of polluted
and dlgsease~bearing floodwaters and hazards attendant uvpon emergency
evacuation of whole areas,

21,5 Summary of benefits.~ The estimated annual benefits for the
Lower Woensocket Local Protection Project, computed as incremental to
those assigned to the operation of West Hill Reservoir, amount to
$235,000 at the 1956 price level, The following summary sets forth
the annual benefits by type and unit for the Lower Woonsocket Local
Protection Project.,

SUMMARY OF ANNUAL BENEFITS

Flood Damage Enhancement
Prevention Benefits Benefits Total Benefits
Social District Unit $114, 000 $72,000 $186,000
Hamlet District Umit 17,000 23,000 10,000
Bernon Unit 9,000 I 9,000
Total Lower Woonsocket
Local Protection Project  $110,000 $95,000 $235,000

22, COMPARISON OF BENEFITS TO COSTS

Average annual benefits for the Lower Woonsocket Local Protection
Progect are estimated at $235,000. Average annusl costs are estimated
at $167,800 based on first costs exclusive of water rights at Bernon
Dam, The resulting ratio of benefits to costs is 1l.h to 1.0. The cost
of Bernon Dam water rights, an item of local responsibility, is not
expected to materially affect project economics, The breakdown of
benefits and costs between the three units of the project is as follows:

Anmaal Armusl Benefit-Gost
Benefits Cogts Ratie
Social District Unit $186,000 $132,000 1.kl to 1,0
Hamlet District Unit 40,000 30,000 1,33 te 1.0
Bernon Unit 9,000 5,800 1,55 to 1,0
Total Lower Woonsocket
Local Protection Project $235,000 $167,800 1.h to 1.0
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23, LOCAL COOPERATTON

In accordance with Section 3 of the Flood Comtrol Act of 1936,
local interests would be required to provide without cost to the United
States, 81l lands, easements, and rights-of-way necessary for the cone
struction and operation of the project; hold and save the United States
free from damages due to the construction works; and maintain and
operate all the works after completion in accordance with regulations
prescribed by the Secretary of the Army. The responsiblity for the
relocation or modification of highway facilities and utilities would
rest with leocal interests under the requirements of lands, easements,
and rights-of-way.

Local interests would also be required to contribute to the United
States approximetely 16.1 percent of the conmstruction costs owing to
enhancement benefits to be realized by the project, This contribution
is presently estimated at $570,000 (1956 price level), An analysis of
funds to be contributed by local interests is set forth in Appendix D,

There is an intense desire for flood protection in Woonsocket,
City officials have indicated a willingness to fulfill the conditions
of loecal cooperation, The City of Woonsocket and the State of Rhode
Island are currently sharing local costs for the existing project, and
the required bond issues to finance these costs were authorized at
general elsctions,

2h, COORDINATION WITH OTHER AGENCIES

Plang for the protective works in the Lower Woonsocket area have
been reviewed by representatives of the State of Rhode Island and the
City of Woonsocket. Representatives of the Federal Bureau of Public
Roads have reviewed the flood control plan in conjunction with reloca-
tion of Hamlet Avenue bridge across the Blackstone River in the project
area, Relocation of the bridge, which is not a component of the Lower
Woonsocket Local Protection Project, will be accomplished by the State
of Rhode Island, The City of Woonsocket plans to construct two other
bridges to replace existing temporary crossings on the Mill River in
the project area. The design of the new structures will be coordinated
with the requirements of protective works in Lower Woonsocket, The
project has no effect on fish and wildlife, recreation, pollution
abatement, or other collatersl purposes., Letters from the Governor
of the State of Bhode Island and the Mayor of Woonsocket indorsing
the project are included in Appendix F, 4 letter of comment from the
Reglonal Director of the Fish and Wildiife Service is also included.
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o5, DISCUSSION

25,1 TFlood problem,~ Flood protection for the Lower Woonsocket
area ls urgently needed, Many industrial and commercial establishments
and congested residential developments are located in the flood plain,
Four major floods have occurred in the last 30 years, causing wide-
spread damage and disruption of the Woonsocket economy, The record
flood of August 1955 caused damages of $12,300,000 in Lower Woonsockets
extensive evacuation was necessary to prevent loss of life, Without
flood protection, recurrence of the August 1955 flood would produce
losses of $10,200,000 in Lower Woonsocket,

25,2 Solutions considered.~ Several practical methods of pro=-
tecting Leower Woonsockebd from damaging floods were considered. These
methods include channel improvement, reservoirs on the tributary Mill
and Peters Rivers, dikes and floodwalls, and combinations of channel
improvement or reserveir with dikes and floodwalls,

25,3 Selection of plan.- The most desirable plan for flood pro-
tection in Lower Woensocket is the construction of the Lower Woon-
socket Local Protection Project, consisting of dikes and fioodwalls
on the left bank of the Blackstone River in the Sccial Distriect, dikes
and floodwalls on the right bank in the Hamlet Distriect, and the re-
moval of Bernon Dam, on the Blackstone River, including contiguous
channel excavation near the upgtream limit of the Lower Woonsocket
area, The Social District protective works would include pressure
conduits and other improvements along the Mill and Peters Rivers, to
prevent flooding behind the main river dike and floodwall and to pro-
vide for tributary discharge through the floodwall, The removal of
Hamlet Dam on the Blackstone River and channel excavation in the
vicinity of the dam would alse be part of the Social Distriet works,
City offiecials and local groups have concurred in the construction of
this project and public sentiment is strongly in favoer of early com-
rletion,

The congtruction of dikes and floodwalls in addition to those
contained in the Lower Woonsocket Local Protection Projeet would be
economically unjustified at this time. These additionsl improvements
would be located principslly along the Blackstone River between South
Main Street bridge and the New York, New Haven and Hartford Railroad
bridge, and a2long the left bank downstream from Hamlet Avenue bridge,

A general channel improvement on the Blackstone River and a reservoir
on the tributary Mill River were found to lack economic justification,
either as individual units or ag incremental units in a plan contalning
dikes and floodwalls, In addition to being uneconomical, the channel
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improvement gnd the reservoir would provide inadequate protection,
except when combined with dikes and floodwalls, A reservoir on the
Peters River would effect negligible reductions in flood stages at
Woonsocket and other downstream damage points,

Except for the reservoirs on the Mill and Peters Rivers, this
interim report does not include studies of reservoirs upstream from
Woonsocket, An analysis of the authorized West Hill Reservoir indie
cated that it would reduce recurring 1955 flood stages at Woonsocket
by one foot, A preliminary analysis of the basin revealed that any -
additional reservoirs would control smaller drainage areas than West
Hill and would effect legser reductions at Woonsocket,. In the event
that additional reservoirs are developed as a result of review studies
for the Blackstone River Basin, such reservoirs would serve to increase
the degree of protection provided by local protection works., The
monetary benefits for additional reservoirs would be derived substan-
tially from flood reductions at locations other than Woonsocket,

25,4 Costs and benefits,- The total estimated first cost of
the Lower Woonsocket Local Protection Project is $L,255,000 excluding
the cost of water rights at Bernon Dam. Resulting annual charges are
estimated at $167,800, The cost of the water rights, an item of local
responsibility, is not expected to materially affeect project economics
and would have no bearing on Federal costs, Annusl benefits attri-
butable to construction of the project are estimated at $235,000, The
ratio of benefits to costs Is 1.4 to 1,0, In a recurrence of the
Augnst 1955 flood, the project would prevent losses of $6,110,000 in
addition to those preventable by operation of the authorized West
Hill Reservoir,

26, CONCLUSIONS

It is concluded that the Blackstone River produces major flood
damages in Woonsocket, Rhode Island, in the area downgtream from the
existing Woonsocket Local Protection Project. The Lower Woonsocket
ares faces the continuing threat of heavy demages in the future, and
protection ecan be provided most suitably by construction of the Lower
Woonsocket Local Protection Project at a total estimated first cost
of $l,255,000 plus the cost of water rights at Bernon Dam, This plan
would afford a high degree of protection and is economically justified,
The ratio of anmual benefits to annual cests is 1,4 to 1,0, The fre-
quency of major floods and the existing high concentration of indus-
trial, commercial, and residential developments mske immediate con-
struction of the project imperative,
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27, RECOMMENDATIONS

It is recommended that the plan for the control of floods in the
Blackstone River Basin, as contained in the Flood Control Act approved
December 22, 194k (Public Law No, 53i, 78th Congress), be modified to
provide for the construction of a local protection project on the Black-
gtone, Mill, and Peters Rivers in the Soelal District, the Hamlet Distriet,
and the Bernon Dam area of Woonsocket, Bhode Island, subject te the con-
ditions that local interests be required to (a) contribute to the United
States approximately 16,1 percent of the construction cost, representing
the degree of enhancement benefits, which contribution is presently
estimated at $570,000; (b) furnish all lands, easements, and rights-ofe
' way necessary for the construction and operation of the project; (c) hold
and save the United States free from damages due to the construction
works; and (d) maintain and operate all the works after completion, The
estimated first cost of these measures of local cooperation is $1,285,000,
The total estimated project cost is $k,255,000, and the Federal cost is
$2,970,000. The cost of water rights at Bernon Dam, an item of local
responsibility, represents an expense in addition to the above egtimated
costs,

AIDEN K, SIBLEY ‘ :
Brigadier General, U,S, Army
Divigsion Engineer
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AYPENDIX A
HYDROLOGY AND HYDRAULIC ANALYSIS

Al, CLIMATOLOGY

A1,1 General.,~ The Blackstone River Basin has a humid, continental
elimate, modified by the effects of the Atlantic Ocean, Variable
weather conditions within the seasonal regimen are common. The range
of average monthly temperatures between the warmest and coldest months
ig h50F, Average annual precipitation in the basin amounts to approxi-
mately 45 inches, uniformly distributed throughout the year,

The bagin lies in the paths of the Pprevailing westerlies" and
is exposed to the cyclonic disturbances that cross the country from
the wegt and southwest toward the east and northeast, The area is
also subject to storms that travel up the Atlantic Coast in either
the form of hurricanes of tropical origin or storms of extra=-tropical
origin, called "northeasters," Although these coastal storms are
heavily laden with moisture from the ocean, orographic influence on
their rainfall patterns is slight, becsuse there are no extremely high
elevations within the watershed. Thunderstorms, either of local origin
or assoclated with a frontal system, occcur generally during the summer
months, The locatiens of climatological stationsg in the basin are
shown on Plate FNo, 1,

A1l,2 Temperature.~ The average anmual temperature of the Black-
stone River Basin is 199F, Average monthly temperatures range between
T10F, and 730F, in July and August to 250F, and 290F. in Jammary and
February, Extremes in temperature range from occasional highs slightly
in excess of 1000F, to infrecquent lows in the minus "twenties," par-
tieularly in the northern portiens of the basin, A record of tempera-
tureshas been maintained at Worcester, Massachusetts, for the past

63 years and at Providence, Bhode Island, for 51 years., The mean,
maximm,and minimum monthly temperatures recorded at these two stations
for the period of record through 1955 are set forth in Table A-I,

41,3 Precipitation,- The mean ammuval precipitation over the basin
ig sbout 45 inches uniformly distributed throughout the year, This
average is based on a preliminary study of New Emgland rainfall made
in 1952 by the U,S, Weather Bureau, The range between maximum and
minimum values of average monthly rainfall at any one station is no-
greater than 1 %o 2 inches, Average monthly rainfalls at Providence
range from a minimum of 2.09 inches in July to a maximum of 3,80 inches
in Amgust, and at Worcester from 3,19 inches in February to 4,06 inches
in August, Precipitation records for Worcester, Massachusetts, and
Providence, Rhode Island, for the period of record including 1955 are
summarized in Table 4-TI.




Month

January
February
March
April
Hay
June
July
August
September
Cctober
November
Decenber

Armmal

Station

Years of Record

TABLE A=~I

MONTHLY TEMPERATURES

(Degrees Fahrenheit)

Worcester, Mass,

Providence, R,I,

Elevation (ft,,m,.s.1l,)

Month

Janvary
February
March
April
May

June
July
August
September
October
November
Decenber

Armual

Mean Maximom Minimum Mean Maximom  Minimum
25.5 69 =17 29.9 68 -9
25,1 66 =24 29.4 69 17
35,0 8l - 6 37.9 90 2
45,7 9. 8 47.6 al 11
57,2 92 27 52,0 95 32
66,0 96 33 67.0 101 39
71,0, 102 L1 72.9 101 L9
68,9 99 35 71.0 102 bl
62,0 100 26 6,0 99 33
51,8 89 13 S, 2 90 25
k0,1 81 3 43,3 82 9
28,5 67 =17 32.8 _68 =12
48,1 102 =2l 50,6 102 ~17
TABLE A-TI
MONTHLY PRECIPITATION
{Inches)
Worcester, Masg, Providence, R,I,
102 51
625 55
Mean Maxdimum Minimum Mean Maximam Minimum
3,55 9.03 0.70 3,6k 7022 0,78
3,19 8,09 0.67 3,08 5.80 1,18
3987 11¢13 090’4 3 60 8031 000?
3.61 8,87 0,51 3.45 6,70 0,72
3,77 7,38 0,88 3,12 9.25 0,57
3,39 8.31 0.66 2,95 T.21 0.0h
3,61 1.1 0,62 2,09 6,92 0.2l
L1, 06 18,58 0,35 3,80 12,24 0.78
3,53 10,82 0.20 3,19 .79 .h8
3,62  E10,79 10,36 2,93 700 0,15
3,77 9.82 0.66 3455 8,50 0.31
3,50 T T 0,78 3,50 9 Ll 0,58
43,47 61,71 27.92 39,88 58,57 29,50
E - Egtimated
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ALk Snowfall.- About one third of the precipitation during the
winter months is in the form of snow. The annual basin snowfall
averages from 35 to L0 inches, with extremes ranging from 30 inches
in the southern portions to about 60 inches at northern inland points,
The water content of the snow cover over the entire basgin in the late
winter or early spring seldom amounts to more than 1 or 2 inches, On
rare occasions water content will amount to over 3 inches at interior
locations, Data on snowfall at Worcester, Massachusetts, and Providence,
Rhode Island, is presented below,

AVERAGE ANNUAL SNOWFALL

Years of Average Annusl
Station Elevation Record Snowfall
(Ft, mo8.)e)

Worcester, Mass, 625 37 + 56
Providence, R.I, 55 ho + 33
A2, TRUNOFF

h2,1 Discharge records.,- Five U,S, Geological Survey gaging
stations in the Blackstone hiver Basin are indicated on Plate No, 1
in the main report, Blackstone River discharges have been recorded
at the U.S.0.5. gaging station in Woonsocket since March 1929, Hydro-
graphs for this gage during the period of record through September 1955
are shown on Plate No, A-1,

42,2 Stream-flow data,~ Discharge in the Blackstone River Bagin
is measured at U,S. Geological Survey gaging stations on the Blackstone
River and its prineipsl tributaries. Flow dats applicsble to the area
of the local protection project along the Blackstone River was obtained
from Woonsocket gaging station records, There are no knowmn stream-flow
measurements or discharge records for the tribubary Mill or Peters
Rivers, The anmusl runoff at the Woonsocket gage for the 27 years of
record through September 1955 varies from 37,06 inches to 10,62 inches
with a mean of 23,00 inches, The mean anmual runoff represents approxi-
mately 50 percent of the mean ammual precipitation, Table A-IIT is a
summary of the mean, maximum, and minimum monthly runcff in inches for
the Blackstone River at the Woonsocket gaging station,
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TABLE A-III

MONTHLY RUNCFF
{Inches)

BIACKSTONE RIVER AT WOONSOCKET, R.I,

Mar, 1929 - Sept, 1955

Month Mean Maximan Minimm
Jarmary 2.31 L hé 0.58
February 2,17 kLo 0,92
March 4,07 11,2k 2.03
April 3 ohs 6976 1067
May 2,29 4,02 0.79
June 1.52 4,15 0,38
July 0,91 6.79 0.26
August 0.91 7.45 0.27
September le 00 5@ 29 0023
October 0,82 2,h6 0,28
Novenber 1,h3 4,61 0.3k
Decerber 2,05 5,05 0,47
Annual 23,00 37.06 10,62

A3, HISTCRY OF FLOODS

A3,1 General.~ Floods on the Blackstone River have occurred in
all seasons of the year, ZFarly spring rains combined with melting
snow resulted in the flood of March 1936, Heavy rains during summer
and fall months resulted in the record flood of August 1955, major
floods in July 1938 and November 1927, and other floods in September
195, and October 1955,

A3,2 Floods of record.~ The flood of August 1955, the greatest
flood of record on the Biackstone River, was about twice the megnitude
of the previous record discharge. This flood resulted from record
rainfall which accompanied "Hurricane Diane™ and fell on ground satursted
a few days earlier by the precipitation of "Hurricane Cormie,"

In July 1938, March 1936, and November 1927, the Blackstone River
experienced three major floods of approximately the same magnitude,
Floods of lesser magnitude occurred in September 195k and October 1955,
Table A-IV surmarizes the largest floods on the Blackstone River recorded
at the U,8, Ceological Survey gaging station at Woonsocket.
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TABLE A-IV

STMMARY OF LARGEST EXPERIENCED FLOODS

BLACKSTONE RIVER AT WOONSOCKET GAGE

Date ' Discharge
' {c.f.s,)

Avgust 1955 32,900
July 1938 15,100
March 1936 15,000
November 1927 15,000
September 195k 9,400
October 1955 8,700

#Abnormal peak resulbting from failure of Harris Pond Dam on Mill
River, Natural peak discharge is estimated at 29,600 c¢.,f,s,
*#Estimated from flood marks.

Ak, FREQUENCY OF FLOODS

The frequency of peak discharges on the Blackstone, Mill, and
Peters Rivers was determined from records of the U, 8, Geological
Survey gaging station in Woonsocket. The frequency analysis wes
made in accordance with procedures described in Civil Works Engineer
Bulletins 51-1 and 51-14, which are predicated on the assumption that
the logarithmic velues of annual peak flow are normally distributed.
During high flows on the Blackstone River, a backwater condition
occurg which results in high stages in the lower reaches of the Mill
River, In view of this, the discharge-frequency data on both the
Blackstone and Mill Rivers were related to stage, and a composite
stage~-frequency curve was developed for the lower reaches of the Mill
River, These curves are showrn on Plate No, A-2,

A5, DERIVATION OF STANDARD FROJECT FLOOD

AS,1 QGenersl,- The standard project flood (SPF) derived for the
Blackstone River at Woonsocket will be equalled or exceeded only on
rare occasions. The SPF was developed from standard project storm
(SPS) rainfall and an adopted unit hydrograph,

A5,2 Standard project storﬁ rainfall,~ The standard project storm
(SPS) rainfall was based on criteris described in Civil Works Enginesr
Bulletin No, 52-8, The SPS rainfall, assumed uniformly distributed

Aub



over the Blackstone River watershed above the Woonsocket gage (D,A. -
116 sq.mi.), amounts to 12,0 inches in 72 hours with a maximum 2h-hour
value of 9,6 inches and a maximum 6-hour value of 7.h inches. Losses
from infiltration, surface detention, transpiration, and other factors
were assumed at a rate of 0,Lh2 inches for 6 hours, which is consistent
with minimum losses determined in previous studies for the New England
area, 7lable A-V presents rates of precipitation, losses, and rainfall
excess in the chronological order used to compute the stendard project
flood,

TABLE A~V

STANDARD PROJECT STORM RAINFALL

Time Rainfsll Losses Rainfall Excess
in Hours in Inches in Inches in Inches

0 0,00
6 Oir 25 Os 25 —

12 0,40 0.h0 -

18 0,45 0.k2 0,03

2k 0,55 0.h2 0,13

30 7.k0 0,42 6,98

36 _ 1,08 0,42 0,63

he 0,60 OsL2 0,18

L8 0,50 0.L2 0,08

5)-3- 0935 0035 o

60 0.20 0,20 P

66 Oals 0315 ——

72 0.10 ) . 0.10 -

A5,3 Unit hydrographs.- After a review of stream gaging and
precipitation records, the floods of July 1938, September 195u, and
August 1955 were selected for unit hydrograph analyses, These floods
were analyzed to determine the conbtribution of various tributaries
to the flood hydrographs at the Woonsocket gage. Because a unib
duration of 6 hours was considered desirable for, snd applicable 1o,
a drainage area of Ll6 square miles, all hydrograrhs were converted
to 6-hour unit hydrographs following the method prescribed in Engi-
neering Manual, Civil Works, Part CXIV, Chapter 5, March 1948, The
adopted unit hydrograph based on the analyses of the three floods
is shown on Plate No, A-3,




A%l Standard project flood.~ The standard project flood fer the
Blackstone River at the Woonsocket gage was derived by applying the
SPS rainfall excess to the adopted unit hydrograph. Standard project
floods were developed for both the Mill and Peters Rivers by the same-

method, The computed SPF hydrographs are shown on Plate Ne, A-3,

A5,5 Design discharge,- West Hill Dam and Reservolr, included
in the authorized plan for fleood contrel in the Blackstone River Basin,
would effect reductions of Blackstone River flood flows in Woonsocket.
The dam site is located on the West River, a tributary which enters
the Blackstone River approximately 10 miles upstream from the center
of Woonsocket, The effect of this reservoir on Blackstone River flood
flows in Woonsocket was taken into account, because the dam is presently
in the design phase, As a result, the standard project flood reduced by
West Hill Reservoir was adopted as the design flood for local protection
works in the Social and Hamlet Districts of Woonsecket, The Bernon Unit,
a chamnel improvement, would afford a substantial degree of preotection
against the design flood in the vicinity of Bernon Dam and would effect
a stage reduction for all ranges of flow, In the event that Harris Pend
dam is reconstructed on the Mill River immediately upstream from the pro-
Ject area, it was assumed that adequate design of the new dam would pre-
clude a recurrence of the August 1955 failure, The adopted design dis-
charges are as follows:

River Discharge
lc¢f,s,7

Blackstone above confluence of ‘
Mill & Peters Rivers 27,800

Blackstone below confliuence of

Mill & Peters Rivers 31,900
Mill River 6,700
Peters River 2,600

A6, ELEVATIONS OF DIKES AND FLOODWALLS

The plan of improvement for Lower Woonsocket includes the con-
- gtruction of dikes and floodwalls te protect properties adjacent to
the Blackstone, Mill, and Peters Rivers, The elevation of the top
of dike or floodwall at each location is based upon the elevation of
the design discharge plus a minimum freeboard allowance of 3 feet,
The grade of the dikes and walls in relation to the elevation of the
design discharge is shown on Plate No, 4-h,
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A7, HYDRAULICS OF THE CONDUITS

AT7,1 General,~ The relative timing of the peak flows on the Mill
and Peters Rivers with the flow on the Blsckstone River was taken inbo
account in the design of the pressure conduits for these tributaries,
Bagsed on analysis of floods of record, as reflected in the development
of the standard project flood (See Plate No, &=3), the Mill and Peters
Rivers peak approximately 13 hours earlier than the Blackstone River,
Therefore, two eonditions were investigated in the hydraulic study of
the pressure conduits, The first condition assumes maximum discharge
on each tributary with tailwater elevations corresponding to concurrent
flow in the main river at the time of the tributary peak., The second
condition assumes maximum discharge and stage on the Blackstone River
with concurrent discharges on each tributary. Peak tributary discharge

~was found %o control conduit design for both the Mill and Peters Rivers.

AT7,2 Mill River conduit.~ The plan for Mill River improvements
includes dikes and channel excavation immediately upstream from the
conduits. In view of this, the effect of conduit size on water surface
elevation at the conduit entrance was considered, A double-barrel,
rectangular conduit, each barrel 12f x 17%, was selected, It would
provide a total waterway opening of h08 square feet to carry runoff
from the Mill River drainage area of 3k,7 square miles. The conduit
would have a length of 1,050 feet and a slope of 0.0034., For the
design flood of 6,700 c¢.f.s,, & velocity of 16,7 feet per second
through the conduit was computed using an "n' valme of 0,014, The
total computed head loss through the conduit is 9,5 feet, consisting
of 5,2 feet of friction and entrance losses and 4,3 feet of velocity
head loss, The computed conduit losses were added to the concurrent
Blackstone River tailwater elevation to determine the water surface
elevation of the design discharge at the conduit headwsll,

£T7,3 Peters Biver conduit,~ In selecting the size of the Peters
River conduit, the effect on water surface elevation at the conduit
entrance was considered, since the plan of improvement for the Peters
River includes an upstream dike and floodwall, A single barrel
107 x 16' conduit, providing 160 square feet of waterway opening,
was selected, It would carry runoff from the Peters River drainage
area of 12,7 square miles, The conduit would have a length of 1,200
feet and a slope of 0,013, For the design discharge of 2,600 ¢.f.S
through the conduit, a velocity of 16,3 feet per second was computed
using an "n" valuwe of 0,0Lli, The total computed head loss thromgh the
conduit is 11,6 feet, consisting of 7.5 feet of friction and entrance
losses and 4.1 feet of velocity head loss, The camputed conduit losses
were added to the concurrent Blackstone River tailwater elevation te
determine the water surface elevation of the design discharge at the
conduit headwall,

A8



'AB, INTERICR DRAINAGE

‘ 'A8,1 General,- The discharge capacities of the pmnping stations
were based on. the Ra'bional Fomula Q = GIA, where

Q= runo:f‘f in cnbic i‘ee‘b per second

. G'= goefficient. representmg the ratio of
~ rates of rainfall and’ rancff

I = max:imm average ra:.nfall intens:.‘by in
mches per hour

A = dramage area in aeres

The most severe conditions affects.ng the desn,gn eapacity of the Punps
would regult from intense rainfall occurring during periods of high .
river stages, Based on studies of the pumping station for the
authorized Woonsocket Local Protection Project, a rainfall intensity
of 1,5 inches per hour co:z.nc:.dent with a high stage of the Blacks‘tone
River was adoptedo .

A8,2 Social Bistr:.c‘b Tit,- The drainage arvea that would con-.
tribute to the runoff within the dikes and floodwslls amounts to ap-
proximately 180 acres. -The topography is relatively flat and the
area contains numerous flat-roofed commereisl and industrial proper-
ties and considerable paved and impervious surface area, Within the
- ares to be protected, there is an existing storm sewer system to
collect and discharge runoff, TUsing a "C" value of 0,5 for the deten-
tion storage of the area and the coincident rainfall intensity of
1,5 inches per hour, the computed discharge capacity of the pumping
station amomts tc 135 cubic feet per second, or 61,000 gallons per
minute, -

AB8,3 Hamlet Distriet Unit,.- An area of approximately 150 acres,
ccoupied mainly by industrial and residential properties, would con-
tribute to the runoff within the dikes and floodwalls, The topography
is relatively flat in the area immediately adjacent to the river and
rises quite steeply awey from the river, Within the area to be pro-
tected, there is an existing storm sewer system to collect and disw
charge runoff, A short sectien of trunk sewer would be relocated to
discharge downstream from the dikes. Based on a “C" value of 0,5
for the detention storage of the area and a coincident rainfall
intensity of 1,5 inches per hour, a pumping station capacity of 113
cubic feet per second, or 51,000 gallons per minute, was adopted.
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A9, HIDRAULICS OF THE CHANNELS

A9,1 Genersl.~ The recommended plan of improvements includes the
removal of Bernon Dam and of Hamlet Dam on the Blackstone River and
excavation of the channel for a short distance in the vicinity of each
dam., The Mill River would also be improved by widening, deepening, and
realigning the channel from the headwall of the pressure conduit upstream
to Privilege Street, Water surface profiles were determined by the
Manning formula with allowances made for losses resulting from curvae
ture, expansions and contractions of the channel, and bridge losses,

A9,2 Blackstone River channel.~ Improvement of the Blackstone
River channel would consist of removing twe small dams, Bernon Dam
and Hamlet Dam, and excavating a portion of the river channel in the
vieinity of each dam to improve the hydraulic characteristics of the
channel, The locations of Bernon Dam at Station 2+00 and Hamlet Dam
at Station 31+50 are shown on the profiles on Plate No, A-li at the end
of this appendixz, An "n" value of 0,035, increased to 0,040 for certain
reaches of river to allow for curvature losses, was selected in com-
puting the design flood profile., The removel of Bernon Dasm and con-
tiguous channel excavation would reduce the stage of the design flood
by about 4-1/2 feet upstream from the dam, The improvements in the
vieinity of Hamlet Dam would reduce the design flood stage by about 1
foot in the reach of river upstream from the dam, Similar reductions
would be effected in a recurrence of the August 1955 flood, Water
surface profiles for the design flood with and without recommended
improvements and for the August 1955 flood are shown on Plate No, Ak,
The profile of the existing and improved river bottom are also shown,

A9,3 Mill River channel,- Improvement of the Mill River chammel
would provide for realigning and excavating the present channel between
Privilege Street and the headwall of the twin pressure conduit near
Social Pond, The improved trapezoidal channel would have a T0-foot
bottom width, 1 vertical on 2 horizontal side slopes, and a bottom
slope of 0,0089., The water-surface profile for the design discharge
was determined by computing backwater frem the conduit headwall to
the upper limit of the improvement. An ™" value of 0,033 was used
in computing the design fleod profile,
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-APFPENDIX B
GEOLOGY

Bl1, TOPOGRAFHY

. The Woonsocket area lies within the Seaboard Lowland Section of
the New England Physiographic Provinee in a region of moderate but
sharp relief and broad valleys, The topography of the region is the
» result of long continued pre-glacial erosion modified by glacial and -
prost-glacial erosion and deposition, It is to a large degree bedrock
controlled., The Blackstone River, flowing generslly southeasterly
through the region, together with ites tributaries, constitutes the
regional drainage, : o

B2, EXPLORATIONS

Explorations in the project ares consisted of geologic recon-
nsissance supported by data obtained from dam and bridge drawings
and from well records included in a report entitled The Geology and’
Groundwater Resources of Woonsocket, Rhode Island, pubiished in 1950,
This report wes prepared jointly by the Rhode Island Port and In- _

destrizl Development Commission and the U, S. Geological Survey,

The area reconnoitered extends from South Main Street Bridge down-
stream to a point well below the outlet of Hamlet Trench, It also
includes the tributary Mill end Peters Rivers within the survey area,
The purpose of the reconnaissance was to study the general geology
. of the area, map bedrock exposures, and determine as far as possi-
ble, with respect to excavation and bearing properties, the character
of materials present, ' o

B3, GEOLOGY

. B3,1 General.~ The Blackstone River flows southeasteriy into -
Woonsocket and, Just downstream from South Main Street, swings sharp-
1y to the northeast for zbout a mile, It enters the project area on
- this northeasterly course, turns again below Hamlet Dam and flows to
the southeast through the lower end of the project area. Topography
and surficial geology indicate that the Blackstone River is flowing
in its pre-glacial valley in this area. -The river is superimposed
-on glacial drift which deeply buries its pre-glacial channel except:
where, in its pest-glacial meandering, it has encountered old valley
walls at Woonsocket Falls and in the right bank at Bernon Dam and
‘Hamlet Dam, The Fill and Peters Rivers in the project area are slse
flowing on glaecial drift, : -
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B3.2 Overburden,- Overburden materials in the region consist mainly
of two types of glacial drift: +ill and outwash, There are also lesser
amounts of recent alluviuwm, In the project area, however, outwash materials
alone constitute the bulk of the overburden.

The outwash materials in the project area are predominantly valley £il1,
congisting of & variably sorted combination of gravel, sand, and silt, Re-
connaissance and well data on the right bank in the Hamlet Distriet indicate
50 to 80 feet of sand and gravel in the flood plain extending from the Hamlet
Trench outlet upstresm to a point opposite the mouth of the Mill River, The
thiekest known accumulation of these materizls in the project area occurs
along the Peters River just below Mill Street, where well data indicates
over 100 feet of sand and gravel, In the Social Digtrict-Mill River area,
these deposits ccocur gener&lly throughout, Hewever, well data indicates
that the accumulation is thin for the most part, in the order of 10 to 15
feet, One exception to this general thirmess is in an area along the Mill
River just south of East School Street, where a well was found to have
penetrated some 50 feet of sand and gravel, From the Social Distriet and
Mill River area upstream to the viecinity of Bernon Street, there appears
to be a general thickening of these materials to depths of 25 to 30 feet,

Deposits of alluviwn are present to depths of 1 to 15 feet in the
flood plains along the Blackstone River, They consist mainly of silty
fine gsands and silt with a variable mixture of debris in the upper pertions,
These deposits generally overlay sandg and gravels but odcasionally rest on
rock, as in the southwest part of the Social District scuth of Social Street.

B3.3 . Bedrock,~ Bedrock is exposed at, or just above, river level at
three locations along the Blackstone River in the general area of the pro-.
jeet. Well logs and dam and bridge construction drawings provided addi-
tional data for a local delineation of the bedrock surface in the area,

The most scutherly bedrock exposure in the project area is at the
east end of Hamlet Averue Bridge, where rock is exposed at the river's
edge at an elevation of sbout 115 feet, Bedrock is also exposed at an
elevation of about 150 feet in the nose of the sand and gravel hill just
east of the bridge, Apparently, the bedrock surface falls awsy sharply
to the west beneath the river, since a well located in the flood plain
directly across the river from the outerops indicates bedrock surface
at elevation of 50 feet,

o TR emall exposure of variably'weatheredg slaty schist oceurs in the
. ‘canal gt the south end of Hamlet Dam, The outerop is at river level in

'11_the .right bank of the canal at elevation 120+ feet, Across the river,
' 4he ¢losest recorded bedrock surface elevatlons, 111, 121, 131 feet, are

- in three wells located from 1,000 to 1,300 feet to the west and northwest
of the outerop, HNorth of Hamlet Dam, along the Mill River, well data
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indicates bedrock elevations o:E‘ 70 feet just south of East School Street
and 125 feet at the westerly end of Oank Hill between Easgt School Street
end Privilege Street. The difference in bedrock surface elevations be-
tween the matcrop at the south end of Hamlet Dam snd the closest record
across the river is only 10t feet. However, the relatively wide inter~
vals between recorded bedrock elevations, in an area known to be under-
lain with a varisble rock surface, precludes an accurate determination
of the bedrock position beneath the river in the vicinity of Hamlet Dam.

The third bedrock exposure is at the southeast end of Bernon Dam,
about 3,000 feet upstream from Hamlet Dam, This outerop is at and just
above pool level, at an elevation of about 130 to 14O feet. Construction
drawings of Bernon Dam show that the southeasterly two-thirds of the dam
is founded on hedrock.,

B3, Swmary.- Available data indicates that the bulk of cons‘bruc-
tion excavation on this project would be in ocubtwash sands and gravels and
in alluvial sands and silts. The excavations would involve little or no
bedrock, except for portions of the channel excavations in the vicinity
of Hamlet Dam and Bernon Dam, Other than the outerop in the sduth bank,
bedrock data in the viecinity of Hamlet Dam is speculative, From this
data, it can be assumed that bedreck would be encountered to some extent
in a portion of the channel excavabtion in the south bank near the dam,
and perhaps in the south section of the riverbed., Available data afl.sq
indieates that rock would be encountered to some extent in the south
portion of the chamnel excavation in the vicinity of Bernon Dam,

There is no known glacigl +ill in the project area., In other
respects, the overburden materials are similar to those in the author-
ized project area upstream from South Main Street. It is assumed,
therefore;, that the materials would have similar excavation and bearing
properties and, en this basis, no urmsual excavation or foundation
problems are an‘bicipated The bedrock, slaty schist with phyllitic
phases, 1s also gimilar to that encountered in the anthorized project
area at Woonsocket Falls, It would have similar excavation properties,
prineipally a tendency toward slabby fragmentation,

B, CONSTRUCTION MATERTIALS

B4,1 Pervious materials,~ It appears that some of the construction
earth excavations, generally the valley f£ill, would be suitable for use
as random, pervions fill, This is based on test data of similar materisls
encountered in the amthorized project area, In addition, vast quantities
of moderately to well sorted, fairly clean sands and gravels are available
within a 2 to 3 mile haul of the project area, These materials are present
in numercws terrace features along the valleys in and around Woonsocket,
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Bij,2 Impervious materials.- Impervious materiais in the region
are represented in the glacial $i11 which occurs on the tops =and flanks
of many of the hills, This ti1l occurs generally in two phases: an
upper phase, 10 to 15 feet thick, consisting of slightly impervious,
sandy till; and a lower phase, considerably thicker, of more impervious,
eilty $1i11, Fieid investigation revealed that, for one or more reasons,
none of the possible sources near the project area could be utilized.
Consideration then had to be given to potential sources within a 5 to
10 mile haul distance, The sandy til1l, with an average silt content
of less than 5 percent, is the only $111 exposed at these locations,

It represents, therefore, the only relatively impervious material
known to be readiliy available for project use. It is probable that
the more impervicus, silty $ill underlies the sandy £ill alt some of
the locations, One such location, considered as a pobtential source
of impervious material, is a drumloidal feature located approximately
1 mile south of Woonsocket Reservoir No, 3 and 5 miles south of the
project area,

.+ Bh,3 Rock Fill.- Required rock excavations would be in slaty
schist with phyllitic phases. In excavating this rock, the phyllitie
phases can be expected to shatter, while the slaty material will proba-
bly break out in h00 to 500 pound blocks, Congidering the similarity
of this rock to that in the authorized project area, it appears that
little, if any, of this excavated rock would be sufficiently sound

and blocky for use as rock fill materizl. The nearest commercial
source of rock fill material is the Fanning and Doorley quarry in
Berkeley, Rhode Island., The quarry is sbout a T-mile haul distance
from the project area,

Bh.i Gravel,- The project requirements for filter gravel and
gravel bedding are limited, These materials can be most economically
obtained from any of several commercial sources in the vicinity.

Bh.5 Concrete aggregate,~ Materials from five commercial sources
were tested for mse in the suthorized project. Four of these are
sources of ssnd and gravel and the fifth is a source of crushed stone,
All were found acceptable for use as both fine and coarse aggregate in
concrete, The haul distance from these sources to the project arez is
from 6 to 13 miles,
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APPENDIX ©
FLOOD LOSSES AND BENEFITS

Cl, DAMAGE SURVEIS

Damsge-survey parties were sent to the flood area immediately after
the flood of August 1955, In view of the great increase in flood stages
and losses over previous floods, the information gathered was referenced
to 1955 flood stages, Correlation with data obtained after the 1936 and
- 1938 high waters was accomplished by an office review.

. Essentially, the survey was a door-to=door inspection of the hun-
dreds of industrial, ¢ommercial, residential, and other properties
affected by the flood, Information cbtained included the extent of the
area flooded, descriptions of properties, the nature and amount of dam-
ages, depths of flooding, highwater references, and relationships to
prior flood stages, Estimated evaluwations of damage were generally .
furnished by property owners, Where these estimates appeared unrealis-
tic, they were modified by the investigators., In those cases where -
owners were unable to furnish loss estimates, the investigators evalu-
ated the flood losses, Sampling methods were employed where several
residences of similar characteristics and like depth of flooding were
encountered, Valuable information was alse obtained from local and
state offieials and from utility companies which experienced damage at
several points in this and other river basins., Central sources of in-
formation were used extensively to save time and to keep survey costs
at a minimom, ' ‘

Sufficient data was obtained to derive losses for (1) the 1955
stage; (2) a stage 3 feet in excess of 19553 (3) intermediate stages
denoting sharp changes in stage-damage relationships; and (L) the
stage whére damage begins (zero damage) referenced %o the 1955 flood
level, Additional data wes obtained for evaluation of enchancement
or higher utilization of lands and commercial and industrial space,

C2, IOSS GLASSIFICATTON

Flood=loss information was recorded by type of loss and by loca-
tion, Loss types used were industrial, urban (commercial, residential,
public), rural, highway, railroad, and utility, The type of loss was
recorded by location within Lower Woonsocket and by reaches of the
‘Blackstone, Mill, and Peters Rivers to provide a basis for later use in
amrmal loss and benefit anslysis,
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Losses evaluated in the survey were the result of tangible primary
damages. Primary losses comprise (1) physical losses such as damage to
gtructures, machinery, stock, and the cost of clean-up and repairs; and
(2) non-physical losses such as unrecovered loss of business, wages, or
production; increased cost of operation; cost of temporary facilities;
and increased cost of shipment of geods to persons and properties in the
inundated areas,

. The primary loss resulting from physical damages and a large part
of the related non-physical loss are determined by direct inspection of
property and evaluation of losses by the property owner and field invege
tigators from this office, In some instances, the non-physical portion
of the primary loss is difficult to estimate on the basis of information
available at a given property, Where this condition exists, the rela-
tionship between physical and non-physical losses is based on the re=
lationship found for similar properties in the area. S

Monetary evaluations were not made of secondary damages or intangi-
ble losses, Secondary damages, incurred outside the immediate flood area
under study, include such items as increased cost of travel and shipment
of goods, the loss of utilities and transportation facilities, and busi-
ness losses, Intangible losses include items such as loss of life,
hazards to health, and detrimental effects on national security,

C3, RECURRING LOSSES

A recurrence of the August 1955 flood, without flood protection,
would cause a total estimated loss of $10,200,000 in Lower Woonsocket,
between South Main Street and the downstream city line, West Hill Reser-
voir would reduce these recurring losses to $7,150,000, Of this remain-
ing loss, $6,140,000 would be prevented by the Lower Woonsocket Local
Protection Project, with $L,900,000 attributzble to the Seocisl Distriet
Unit, $1,100,000 to the Hamlet District Unit, and $140,000 to the Bernon
Unit, Residual losses of $1,010,000 would occur principally along the
Blackstone River between Bernon Street bridge and the New York, New
Haven and Hartford Railroad bridge and along the left bank dowmstream
from Hamlet Avenue bridge. Protection to sliminate these residual
losses would require extensive local protection works which lack
economic justification at this time,
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Ch, AVERAGE ANNUAL IOSSES

Recurring losses have been converted to annual losses preliminary
+to evaluation of annual benefits, Annual losses have been derived in
‘aocordance with the steandard practice of the Corps of Engineers of ubile
izing stage-damage, stage~discharge, and discharge-frequency relation-
 ships. Representative curves used for annual loss computations are

shown on Plate CG=1, : .

- Stage~damage data for individual properties was summarized by reaches
that have relatively uniform hydraulic characteristics throughout, The
gtage~damage relationships were correlated with stage-discharge relation-
ships to develop a discharge-damage curve, The discharge-frequency re-
lationship was then used to compute the damage~frequency relationship,

The damage~-frequency curve was plotted with damage as the ordinate and
with percent chance of occurrence (reciprocal of frequency) as abscissa.
The areaz under the damage-frequency curve represents the annual loss.

Total annual losses in the Lower Woonsocket area amount to'$26h,000.
. The West Hill Reservoir would reduce these anmal losses to $215,000,

5, FLOOD FREVENTION BENEFITS

- ~ Amnmal floodeprevention benefits were derived for the reaches down-
gtream from South Main Street by determining the difference between
anmaial losses that would remain after operation of the authorized West
Hill Reservoir and those which would remain after supplementation by
construction of the Lower Woonsocket Leocal Protection Project, A
summary of annual losses and flood-prevention benefits is presented
below, : . :

SWMMARY OF ANNUAL LOSSES AND
FLOOD PREVENTION BENEFITS

Residttal Armual lLosses Anmaal Benefits

Aftex" . After Wegt HIl1l &
West Hill Local Protection

Social District Unit $16k,000 $50,000 $11k, 000

Hamlet Distriet Unit 33,000 16,000 17,000
Bernon Unit , 18,000 9,000 9,000
Total Lower Woonsocket _
Local Protection Project $215,000  $75,000 $1ko,000
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C6, ENHANCEMENT AND HIGHER UTTLIZATION BENEFITS

€6, Genersi.- An analysis of flood losses and benefits in Lewer
Woonsocket revealed that substantial development of lands currently idle
and higher utilizgtion of vacant industrial and commercial space can be
expected to follow the construction of the flood protection project,
The value of enhancement would be an additional benefit to the project.
There is a demand for land and manufacturing space in existing buildings
‘at locations in the established industrial and commercial zones of the
community, Nearly 700,000 square feet of space in industrial plants
outside the flcod area was rented im 1956, The experience of four major
floods in the last 30 years, climaxed by the disastrous flood of August
1955, precludes the rental of similar space in the flood area,

An extensive investigation of past, present, and potentigl future
use of idle lands and vacant industrial and commercial space was made to
obtain data for the economic analysis, In the course of this investiga-
tion, valuable data was obtained from responsible sources including city
offieials, bankers, real estate brokers, industrisl managers, and repre~-
sentatives of the Chamber of Commerce, the Industrial Development Founda-
tion of Greater Woonsocket, and the Retail Trade Board, The resulis of
this study revealed (1) a definite need for development of idle lands and
buildings; (2) a demand for space outside the flood area when, at the
same time, similar or better space within the flood areas remains unused;
and (3) a specific potential for use of space in the flood area after
. construction of flood-protection measures, ‘

The economic situation in Woonsocket is similar in many respects to
other cormunities in Northeastern United States which were initially
developed as a result of the textile industry, These communities,
affected by a generdl decline within the textile industry, resurged in
recent years with development in other fields, Manchester and Nashua in
Wew Hampshire, and Lawrence and Lowell in Massschusetts are notable
examples, Situated on natursal watercourses, the textile industry
located and developed in these communities by utilizing the available
water for power and processing, In recent years Woonsocket, like other
Northeast communities, was affected by this textile decline and was
faced with the problem of alternate use of both labor supply and vacant
mills, The city met with some success in attracting other industries to
the ares, notably mamufacturers of machine tools, rubber goods,; plastics,
and electrical products, Several of these industries occupied new
buildings constructed for their purposes, and othersmoved into idle
© textile plants, The Industrial Development Foundation of Greater
Woonsocket constructed a new industrial park and was successful in en-
couraging the rental of factory space ontside the flood area,
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$6.2 Development of idle land. = An important segment of the ine
dustrial and commercial center of Lower Woonsocket is located within
the protection area of the Social District Unit on the left bank of
the Blackstone River, Established railroad and highway transportation,
availability of existing facilities, present use of adjoining proper-
ties, and the buying habits of the public make the area attractive for
further development upon construction of protective works. There are
five properties that have good pobential for development upon removal
of the flood threat. Table C-~I presents the property location, land
arsa, type of potential development, estimated amount of initial ine
vestment, initial annual return, and estimated annual retum over the
economic life of the flood control project. The type of development
anticipated for each of these properties represents the most conserva«
tive choice in terms of estimated monetary benefits.

The initial investment for development was based on conservative
prices for light induatrial and commercisl space in the area. Space
in one-story plants for light industry was estimated at $7.00 per
square foot. The initial return on the investment, estimated at 7 per-
cent of the investment, allows for 5 percent return to the investor and
2 percent tax return. The annual return was reduced to zero at the end
of the economic life of the project, to offset the increased mainten-
ance and investment reguired to maintain the initial rate of retumrm
throughout the 1life of the project.

C6.3 Utilization of idle industrial space. « There are four exist-
ing plants with space available 1or rent within the areas to be pro-
tected, Two of these plants are on the right bank. The total area
available 1s 396,000 square feet. The rental of nearly 700,000 square
feet of similar space in plants outside the flood area during 1956 indi-
cates a definite market for former textile space, particularly in view
of the relatively low rental charge. The average rental for this space
in Woonsocket and im surrounding communities is $0.25 per square foot,
of which $0,08 per square foot is the cost of services such as hest,
water, elevator service, and maintenance, leaving a net rental income
of $0.17 per equare foob ms the initial net retum from rental of this
space, Without additional investment or inordinately expensive nainte
enance, this return would be reduced to zero at the end of the economic

life of the protective works. Table C.II presents the name, locatien,
- ares, initial return, and average annual return for utilization of
vacant industrial space upon construction of protective works.
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TABLE C=1

ENHANCEMENT OF IDLE LAND
SOCIAL DISTRICT UNIT -

: Land Area
Iccation (sg. £te)
Clinton St. 427,800
Social Ste Lh,000
East School St. 60,000
Social, Clinton &
Cumberland Sts. 10,000
Gobeille Ave. 27,000

: Initial Average

Type of Development Estimated Annual Arnnual
Enticipated Investment Return Return
Light Industrial Bldge  $1,000,000  § 70,000 $35,000
Stores 130,000 9,000 15500
Light Industry 140,000 9,800 4,900
Store and Office 130,000 9,000 4,500
Woodworking Shop 10,000 2,800 1,100
$1,11,0,000  $100,600 $50,300



L=~

Area
Social District
Social District

Hamlet District

Haﬁlei District

TABLE C«II

UIILIZATION OF IDLE INDUSTRIAL SPACE

Naome

Montrose Mill
American Paper Tube

Verdun

Lafayette

| _ ' Average
o _ Space Initial Annual"
Location (sq.ft.)  Returm  Return
East School St, 81,000 $13,800 $ 6,900
Hagzel St, 148,000 8,200  h,100
Hamlet Ave, & 113,000 19,200 9,600

- Villanova St, : : o
Hamlet Ave, 15k, 000 26,200 13,100
396,000 $67,h00  $33,700



| Ch.t Utilization of idle commercisl space.~ Some 189 commercial
establishments located within the protection area of the Social District
Unit were affected by the 1955 flood, Eleven of these establishments
vacated after the flood and never reocecupied their previous quarters,
The history of active retail merchandising in the area indicates that
flood protection would result in reoccupancy of the idle stores, The
stores have been rehabilitated and a few of them improved; but owing to
the flood history, new enterprises decline to occupy the space, even
though competition for commercial space is evident in the Secial
Digtrict. :

Idle space compriges 27,700 sqguare feet with 0O feet of frontage,
Based on the rental value of comparable space in the area, $100 per
month for 20 feetof frontage, the gross rentsl to be realized upon
construction of flood protection amounts to $2L,000 per year, The pro-
vision of heat, light, and water already borne by the property owner
amounts to 12 percent, resulting in g net increase of $21,300 for the
first year, Without additionagl expenditure for maintenance and repairs,
this return would decline to zero at the end of the economic 1ife of the
protective works., The average annual increased return is estimated at
$10,700 per year,

06,5 Summary of wtilization benefits,- The annual benefits to be
realized from development of idle lands and utilization of idle indus~
trial and commercial space are summarized below,

SUMMARY OF UTILIZATION BENEFITS

Social Distriet Hamlet Districhd

Unit Unit Total

Tdle Land $50,300 - - $50,300
Idle Industrial Space 11,000 23,000 34,000
Idle Commercial Space 10,700 - 10,700
Total  $72,000 $ 23,000 $95,000

C7, SUMMARY OF BENEFITS
Total annusl benefits for the Lower Woongocket Local Protection

Project, computed as incremental to these assigned to West Hill Pam and
Reservoir, are presented in the following table,
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TABIE CoITI

SUMMARY OF AVERAGE ANNUAL BENEFITS
LOWER WOORSOCKET LOGAL PROTECTION PROJECT

Flood Enhancement or
Prevention Higher Utilization Total

. ‘ . Benefits Benefits Benefits
Social District Unit $11Ls,000 $72,000 $186,000
Hamlet Distriect Unit 17,000 23,000 40,000
Bernon Unit 25000 - 94000
Total Lower Woonsocket

© Local Protection.Preject  $1L0,000 $95,000 $235,000
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APPENDIX D

FROJECT PLAN AND ESTTMATES OF COST

D1, SCOPE OF PROJECT

~ The Lower Woonsocket Loeal Protection Project would consist of
three independent flood protection units, referred to separately as
the "Social District Unit?, the "Hamlet District Unit", and the "Bernon
Unit", The Social District Unit and the Hamlet District Unit are
designed to protect against the standard project flood as modified by
operation of the authorized West Hill Reservoir., The Bernon Unit, a
‘channel improvement, would reduce the stage of all floods in the
vicinity of Bernon Dam and, in a flood of August 1955 magnitude, would
reduce stages by about h-1/2 feet upsiream from the dam,

- The Socisl Distriet Unit, which is the largest unit, would be an
integrated system of floodwslls, dikes, cenduits, channel excavation,
and a pumping station on the left bank of the Blackstone River and along
the lower sections of the tributary Mill and Peters Rivers, This unit
would also include the removal of Hanllet Dam and channel excavation in
the Blackstone River adjacent to the left bank dike and floodwall, The
Hamlet District Unit would consist of a dike, floodwall, and pumping
station on the right bank of the Blackstone River. The removal of
Bernon Dam on the Blackstone River.combined with channel excavation
in the vicinity of the dam would constitute the Bermon Unit,

The project features are further described in the following
sections and are shown on the plates bound at the end of this appen-
dix, See Tables DI through D-VIII for estimates of first costs and
anmual charges. '

D2, DESCRIPTION OF SOCTAL DISTRICT UNIT

D2,1 General,~ The Social District Unit of the Lower Woonsocket
Local Protection Project would be located in the Social District of
the City of Woonsocket, along the left bank of.the Blackstone River
and along two of its tributaries, the Mill and Peters Rivers, A dike
and floodwsll along the Blackstone River would protect the Social
Digtrict from overflows of the Blackstone River, The removal of
Hamlet Dam and channel excavation adjacent to the dike and floodwall
would slse be accomplished, Improvements along the Mill and Peters
Rivers, including pressure conduits, would prevent these streams from
overflowing behind the main river works and provide for tributary
. discharges through the Blackstone River floodwall, A pumping station
with a capacity of 61,000 g.p.m, would handle interior drainage,
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D2,2 Blackstone River features.~ The dike and floodwall along the
left bank of the Blackstone River would have an aggregate length of
about 2,550 feet, The dike would start at high ground near the upper
end of the Social Distriet and extend downstream to connect to the flood-
wall, This floodwall would then extend downstream from the dike, cross
the mouths of the Mill and Peters Rivers, and tie into high ground near
the Kendrick Avemne footbridge., In addition, Hamlet Dam would be re-
moved and the river channel would be exeavated for a distanece of about
1,300 feet adjacent to the dike and floodwall in order to mprove the
channel cross-sectional area,.

Pertinent Data - Blackstone River Features (Social District Unit)

Dike
Type Rolled earth
Length 1,600 feet
Average height above ground 10 feet
Freeboard above design flood : 3 feet
Floodwall
Type Reinforced concrete
: Tewall
Length ' 950 feet
Average height above gronnd 15 feet
Freeboard sbove design flood 3 feet
Charmel Improvemendt
Length _ 1,300 feet
Bottom width ’110 to 140 feet
Sideslopes 1 vertical on

2 horizontal

D2,3 Mill River features.- A chamnel improvement, pressure con-
duit, and two dikes would be constructed along the Mill River, The
channel improvement would extend from Privilege Street downstream to
the conduit which, in turn, would extend to the Blackstone River flood~
wall, In order to prevent Mill River flood discharges from bypassing
the conduit, the new channel would be diked along both banks for part
of its length, ‘

In the event that Harris Pond dam is reconstructed on the M411
River upstream from the project area, it was assumed that the new dam
would be adequately designed to prevent a recurrence of the August 1955
failure,
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Pertinent Data - Mill River Features (Socisl District Unit)

Channel Improvement

Length
Bottom width
Sideslopes

Conduit

Type
Length
Size

Dikes

Type

Length S .

Average height sbove ground
Freeboard above design flood

2,7h0 feet

. .TO feet
1 wvertical on
2 horizontal

Reinforced concrete
1,050 feet -
2 - 12 by 17 feet

Rolled earth
2,900 feet
10 feet
3 feet

D2, Peters River features,- A pressure conduit would be con-
gtructed along the Pevers River from. Elm Street downstream to the
Blzckstone River floodwall, In order to prevent tributary flood
discharges from bypassing the conduit, 900 feet of dike and floodwall
would be required along the right bank of this stream from Elm Street

upstream to Mill Street,

Pertinent Data - Peters River Features (Social District Unit)

Conduit

- Type
. Length
Size

Dike

Type

Length

Average height above ground
Preeboard sbove design flood

Floodwall
Type

length i
Average height above ground
Frecboard above design flood
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Beinforced concrete
15200 feet -
- 10 by 16 feet

Rolled earth
550 feet

Ly feet

3 feet

Reinforced concrete
Tewall
350 feet
L feet
3 feet



D2.5 Relocations,- Construction of the Social Distriet Unit would
require alteration of utilities at five points where the conduits would
cross an existing street, Channel excavation in the Blackstone River
would necessitate the underpinning of several electric transmission
line towers. Modification of the storm drainage system would also be
necessary to adapt the system to propeosed pumping station and interior
drainage requirements, ‘

The City of Woonsocket plans to construct two bridges te replace
existing temporary crossings on the Mill River in the project area, at
East School Street and at Privilege Street. The design of the new
structures will be coordinated with the requirements of the local pro-
tection works,

Representatives of the Blackstone Valley Gas and Electric Company,
owner of Hamlet Dam, have informally indicated that they would offer
no opposition to the removal of the dam since the company ne longer
makes nse of it. However, three textile firms have rights to use water
which is presently diverted by the dam into Hamlet Trench and pumped
into the mills. Removal of the dam would require modification of
exigting water-pumping facilities sc thet water could be pumped directly
from the river,

D2,6 Plan of construction.~ Two construction seasons would be
required for the initiation and completion of all construction., The
pressure conduits would be constructed during the firgt season and all
other work would be accomplished during the second season,

D3, DESCRIPTION OF HAMLET DISTRICT UNIT

D3,1 Protective workm.,- The Hamlet Digtrict Unit of the Lower
Woonsocket Local Protection Project would consist of a dike and flood-
wall along the right bank of the Blackstone River in the City of
Woonsocket, This unit would protect a group of textile plants from
Blackstone River overflows in the Hamlet District, A pumping station
with a capaecity of 51,000 g.p.m. would discharge interior drainage.

Pertinent Data - Hamlet Digtrict Unit

Dike
Type Rolied sarth
Length 3,000 feet
Average height above ground 9 feet
Freeboard above design flood 3 feet
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Flo odwall

Type Reinforced concrete
- ) _ Tewall

Length 150 feet
- Average height above ground 6 feet

Freeboard sbove design flcod 3 feet

- D3.2 BRelocations.- Construction of the Hamlet Distriet Unit -
would require the relocation of a short section of existing unpaved
access road, Modification of the storm drainage system would also
be necessary in order to adapt the system to proposed pumping station
and interior drainage requirements,

D3.3 Plan of construction,- One calendar year would be required
for construction of the Hamlet Digtrict Unit,

Dy, DESCRIPTION OF BERNON UNIT

Dh,1 Protective works.- The Bernon Unit would provide for the
removal of Bernon Dam on the Blackstone River combined with excavation
of the river chammel in the vicinity of the dam, This unit, a channel.
improvement, would reduce flood stages in the vieinity of Bernon Dam
and benefit nearby industrial and commercial properties.

Pertinent Data-Bernon Unit

Channel Improvement

Length | 600 feot
. Bottom width : 110 to 180 feet
Sideslopes 1 wvertical on

2 horizontal

'Dh,2 Relocations, Construction of the Bernon Unit would require
the underpinning of the right sbutment of Bernon Street bridge.

Dh,3 Plan of construction.,- One construction season would be
required for congtruction of the Bernon Unit,
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DS, COST ESTIMATES

D5,1 Basis of estimates.~ The costs of the Lower Woonsocket Loeal
Protection Project have been estimated on the basis of a design which
would provide economical and safe structures for the given conditions.
Guantities have been estimated on the basis of net outlines of the pro-
posed design and foundation requirements, Earth borrow items include
stripping borrow areas, spoil, loss from borrew to fill, and compac-
tions in £i11, Rock borrow estimates provide for swell from excavation
to £fi1l, Consideration was given to wtilizing, wherever possible, ma-
terials from required excavations in lieu of borrow meterials,

D5,2 Unit prices.~ Unit prices are based on average bid prices
for similar prejects comstrucied, under construction, or under con-
tract in New England, The adopted unit prices are adjusted to the
1956 price level and include minor items of work which do not appear
in the cost estimates,

D5.3 Contingencies, engineering, and overhead,- Estimates of
construction costs have been increased by 20 percent to cover con-
tingencies, The costes for engineering and overhead are estimated
lump sums based on knowledge of the site and experience on similar
projectsa, ‘

D5,k Lands and damages,- Land requirements include allowances
for borrow and spoil areas as well as sites for dikes, floodwalls, cone
duits, channel improvements, and appurtenant structures, However, no
estimate has been made of the value of water rights at Bernon Dam,
whieh is owned by the Blackstone Valley Gas and Electric Company.
Representatives of the company have informally indicated that the
generating facilities are old, that the installation furnishes less
than one percent of the city's power requirements, and that they
would offer no opposition to removal of the dam, The cost of the
water rights, an item of local responsibility, is not expected to
materially affect project economics and would have no bearing on
Federal costs, The estimates of cost to local interest for lands,
esgements, and rights-of-way are based on current market values,
fleld recomnaissance, and information secured from local officials,

D5,5 Local costs.~ The cost of lands, easements, and rights-of-
way would be a local responsibility in accordance with Section 3 of the
Flood Control Act of 1936, The responsibility for the reloeation or
medification of highway facilities and ntilities would also rest with
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local interests under the above reguirements, In addition, loeal
interests wonld be required te hold and save the United States free
from damages due to the construction works and maintain and operate
the project after completion,

In addition to the respongibilities outlined in the previous
paragraph, local interests would be required to make =z cash contribu-
tion towards the cost of the project, because a portion of the project
benefits are realized from enhancement or increased ubilization of
. properties, . Tables D-IV and DV at the end of this Appendix set

~ Porth the development of the emount of contributed funds,

D5,6 Basis of annual charges.~ Estimates of Federal anmal | ‘
charges comprise the interest on the investment plus an amount re- -
quired to amortize the investment over a period of 50 years. The
investment represents the first cost plus interest accrued during the
estimated eonstruction period, An interest rate of 2,5 percent was
used in computing annual charges, Non-Federal interest and amortn.za-
tion charges were computed in the same mammer,

Non-Federal annual charges include, in addition to interest and
amortization charges, amounts for maintenance and operation and for
tax loss on lands, The estimated ammual cost for maintenance and
operation of the projeect is based on knowledge of the site and on
gimilar projects in New England, The estimated tax loss is based.
on the value of lands without improvements, An allowance, expressed
on an annual basis, is also made for the interim replacement of
equipment .
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TABLE D-1
ESTIMATE OF FIRST COSTS

LOWER WOONSOCKET LOCAL PROTECTION PROJECT

SOCIAL DISTRICT UNIT

Estimated Unit  Estimated
Quantity Umit Cost Amount Total
LANDS, DAMAGES, AND
RELOCATIONS
Lands & Damages .
Land $ 92,000
 Improvements 105,000
Resettlement 3,000
‘Contingencies 10,000
Acquisition 35,000
Total Lands & Damages $275,000
Relocations
RO&dS L,S. 1@,0(}0 -
Utilities L.S. 188,000
Contingencies , 10,000
Engineering & Overhead hTEOGO
Total Relocations 285,000
TOTAL IANDS, DAMAGES, AND RELOCATIONS $560,000
CONSTRUCTION |
Channels .
Remove Existing Structurss 1 Job L,.8, 7,000
Stream Control ‘ 1 Job L,S, 10,000
Common Excavation, Chammel :
Class "AY ‘ 27,000 6,Y, 2,00 5k,000
Class "BW 155,000 C.Y, .90 140,000
Rock Execavation, Channel 3,000 €G.Y, 10,00 30,000
Rock Excavation, Borrow 10,000 C.Y, 4.50 15,000
Roeck Fill 12,000 C,X, 1,80 22,000
Gravel Bedding h,000 G,T. 2,70 11,000
Remove Hamlet Dam -1 Jeb LS, 27,000
Remove Bridge Pier 1 Job L,S, 2,000
Miscellaneous Items L.S, 35,000
Contingencies 17,000
Total Chamnels $L60,000
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TABLE DI (conttd)

~ Estimazted - Unit Estimated W
- Quantity Unit Cost Amount Total
Dikes & Floodwalls :
Remove Existing Structures’ 1 Job L,S, $ 5,000
Stream Control 1 Job L.s, 20,000
Common Execavation, Gemeral — 35,000 C,Y, 0,%0 32,000
Conduit 37,000 €,Y, 2,00 7L, 000
_ - Borrow 37,000 - 6,Y, 1,50 56,000
Rock Excavation, Borrow k,000 0. Y, h,50 18,000
Enmbankment, Rolled 86,000 G, Y, 0.4 3i1,000
Rock Fill 5,000 G, Y, 1.80 9,000
Gravel Bedding 2,000 c.X, 2,70 5,000
Backfill 18,000 C,Y, 0,50 9,000
Concrete, Floodwall 3,200 C,Y, 85,00 272,000
Conerete, Conduit 9,500 C, Y, 75.00 713,000
Interior Drainage 1 Job L.3, 20,000
Topsoil & Seed 15,000 S8.Y. 0.85 13,000
Miscellaneous Items L,S. 128,000
Contingencies 282,000
Total Dikes & Floodwalls $1,690,000
Pumping Station . o
Structure 1 Job LS, 72,000
Equipment 1. Job L,S, 125,000 -
Migeellaneous Items L.8, 20,000
Contingencies 13,000
. Total Pumping Station 260,000
Engineering & Design 240,000
Supervision & Administration _ | 120,000
- TOTAL CONSTRUCTION 0 $2,8hk0,000
TOTAY, TANDS, DAMAGES, AND RELOCATIONS - $ 560,000
TOTAL FIRST GOSIS (Social District Unit) $3,400,000
Federal = Non-Federal '
First Cost First Cost Total
Lands & Damages ' $ - $ 275,000 $ 275,000
Relocations ' - . 5355000 2259000
Construction ' ' 2,h00,000 ) 0,000 2,840,000
Total %"E""—z, 100,000  $1,000,000 $“”E‘3, 06,000

%Seé Table DeIV for thé’ deteminatign of the amount of contributed funds,
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TABLE DuXI

'ESTTMATE OF, FIRST COSTS
(1956 Price Level)

LOWER WOONSOCKET LOCAL PROTECTICN PROJECT
HAMLET DISTRICT UNIT

Estimated - Unit Estimated
Quantity Unit Cost Amount Total

TANDS, DAMAGES, AND

RELOCATIONS
Lands & Damages
Lands $29,000
Improvements 1,000
Resettlement - 1,000
Contingencies 10,000
Aequisition 9,000
Total Lands & Damages $ 70,000
Relocations ‘
Roads L,3, 13,000
Utilities LS, 22,000
Contingencies 74000
Engineering & Overhead | 38,000
Total Relocations 50,000
TOTAL IANDS, DAMAGES, AND RELOCATIONS $120,000
CONSTRUCTION
Bike & Floodwall
‘Remove Existing Structures 1 Job L,S, 5,000
Stream Control 1 Job L,83, 5,000
Common Excavation, General 20,000 ¢€,Y, 0,90 18,000
Borrow "A" 21,000 C,¥, 1,50 32,000
Borrow "BY 50,000 C,Y, 0,50 25,000
Rock Excavation, Borrow . 2,000 C,Y, 4,50 9,000
Embankment, Rolled 71,000 €, Y, 0,h0 28,000
Rock Fill | 3,000 €,Y, 1,80 6,000
Gravel Bedding 2,000 €,Y, 2,70 5,000
Conerete Floodwall ‘ 250 GC.Y, 85,00 21,000
Interior Drainage - 1 Jeb LS, 28,000
Topsoil & Seed - - 8,000 S.Y, 0.85 7,000
Miscellaneous Items L,S, 19,000
Contingencies o 112,000
Total Dike & Floodwall $250, 000
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TABLE DelI {conttd) |

“Estimated . =~ ~Unit Estimated
Quantity . Unit Cost _Amount  Total
Pumping Station o
Structure - | 1 Tdob  L.S, $ 70,000
Equipment - - - 1 . Job L,S, 112,000
Miscellaneous L,S. 18,000
Contingencies | 40,000 =
Total Pumping Station S $240,000
Engineering & Design : 50,000
Supervision & Administration 0,000
| TOTAL CONSTRUCTION . $580,000
TOTAL LANDS, DAMAGES, AND RELOCATIONS - $120,000
TOTAL FIRST COSTS (Hamlet District Unit) ) $700,000
Federal Non-Federal L
First Cost First Cost Total |
Lands & Demages $ - $ 70,000 $ 70,000
Relocations - 50,000 . 50,000
Construction - k50,000 - 130,000% . 580,000
Total $450,000  “$ 250,000 ~ § 700,000

#See. Table D=V for the determination of the amount of contributed funds,
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TABLE DeITI
ESTIMATE OF FIRST COSTS#

|, De12

" (1956 Price Level)
LOWER WOOKSOCKET LOCAL PROTECTION PROJECT
e BERHOI&T UNI’I‘
E's‘bima'b_ed‘ | Unit Estimated
Quantity Uit Cost Amount Total
LANDS; DAMAGES, AND
HELOCATIONS
Lands & Damages
Lands $ 1,000
- Improvements 9,000
Contingencies 2,000
Acquisition 2,000
Totel Lands & Damages $ 1h,000
Relocations , o
Road (Underpin Bri&ge) 1 . Job  L,8, 15,000
- Contingencies ‘ T ‘ - 3,000
Engmeering & Overhead 3,000
Total Relacatlons o ‘ 21,000
 TOTAL LABIDS DAMAGEs,m RELOCATIONS - $ 35,000
GO’NSTRU@TIOH ' '
Channel '
Remove Bernon Dam and - _ -
Appurtenant Structures 1 - dJob L,S8, 33,000
Common Excavation, Channel 15,000 €,Y, 2,00 36,000
Rock Exeavation, Channel 2,000 .C,Y, 10,00 . 20,000
Contingencies ' 17,000
Total Ghannel $100, 000
Engineering & Design . 12,000 -
~ Supervision & Administration 8,000
TOTAL GOISISTRUCTION $120,000
TOTAL LANDS, DAMAGES, AND RELOGATTONS $_35,000
TOTAL FIRST COsTs (Bernon Unit)  $155,000
Federal Non-Federal
| | ‘First Cost First Cost Total
Lands & Damages e $ 1h, 000 _ $ 1y, 1,000
Belocations - .. 21 GOG - 21,000
Congtruction .7 ¢ = et 120,900
Total & m,m $ 35,000 $155,000
s#Does not ineclude “bhe cost ef Wa’oer righ'bs at Bernon Dam



TABLE DIV

APPCRTIONMENT OF FIRST COSTS BETWEEN
FEDERAL, AND NON-FEDERAL INTBRAOLS
1956 Price Level). .

LOWER WOONSOCKET LOCAL PROTECTION FROJECT
SOCIAL DISTRICT UNIT

1, Firgt Costs: _ 2, Average Ammual Benefits:
Construction $2,840,000 . Flood Damage :
~ Lands & Reloca- % Prevention $11k,000 %,3?
~ tioms ' 0,000 Enhancement 72,000 38,7
- Total  $3,u00,000 Total  $186,000 100.0%

3, Classification of First Costa:
Flood Prevention Enhancement

Item Portion (61.3%) Portion (38,7%) Total
Construction $1, 740,000 $1,100,000 $2, giéo,ooo
Lands & Relocations 340,000 220, 000 560,000

Total First Costs $7,080,C 0,000 $1,320,000  $3,400,000

k. Computation of Non-Federal Share of First Costs:

Adjustment of Sharesto Assign
All Larnds & Relocations te
Tentative Apportiomment Non-Federsl Interests

“Federal on~-Federal Federal FNon-Federal
| Item Lighility Iiability Share Share
Flood Prevention _
___Portion ' o
Construction $1,7h0,000 $ - $1,7h0,000 $. -
Lards & Relocations - 340,000 - 340,000
Total $1,7h0,000 $ 3h0,000 $1,740,000 $ 3 o,i 000
Enhancement Portion _ _ o
Construction | $ 550,000 $ 550,000 $ 660,000 $ Lho,000
Lands & Relocations 110,000 110, 000 ' - 220,000
Total $ 860,000 $ 886,000 $ 660,000 $ 630,000

Total First Costs

Construction ' $2,290,000 - $ 550,000 $2,h00,000 $ hho 000
Lands & Helocations 116,000 450,000 - 560,000
Total $7,15,00,000 331,000,000 $2,100,006  $1,000,000

#This amount of contributed funds is intended for informstional purposes only,
because it is based on cost estimates prepared for this report and on current
price levels, which are both subject to change during detailed design and
actual construction,
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TABLE D-V
APPORTIONMENT OF FIRST COSTS BETWEEN
ERAL, AND NOI THR

(19Price Tovel)

LOWER WOONSOCKET LOCAL FROTEGTION PROJECT
HAMLET DISTRICT UNIT?

1, Firat Costa:

2. Average Anmial Benefits:

Construetion $580,000 Flood Damage

Lands & Reloca- Prevention $17,000 h2,5%

tions 120,000 Enhancenent 23,000 57,5%

Total $700,000 Total $40,000 100,0%

3., OClassification of First Cosis:
: Floed Prevention Enhancement

Ttem Portion (42,5%) Portion (57.5%) Total.
Construction $2§o,ooo $330,000 $580,000
Lands & Relocations 0,000 70,000 120,000
Total First Costs $300,000 $1.00,000 $700,000

L, . Computation of Non-Federal Share of First Costs:

Adjustment of Sharesto Assign
A1l Lands & REelocations to

Tentative Apportioment Non-Federal Interests

_ “Federal  Non~Federal Federal Non-Federal
Item Ligbility Liability Share Share
Flood Prevention
Portion ‘
Construction $250,000 $ - $250, 000 $8 -
Lands & Relocations - 50,000 - 0,000
Total $250,000  $ 50,000 $250,000 $ 50,000
Enhancement Portion
Construction $165,000  $165,000 $200,000 $130,000
Lands & Relocations 35,000 35,000 - 704000
Total $200,000  $200,000 $200,000 $200,000
Total First Costs
Construction $his,000 $165,000 $L50,000 $130,000%
Lands & Relocations 35,000 85,000 - 120,000
Total $5450,000  $250,000 $1.50,000 $750, 000

*This amount of contributed funds is intended for informational purposes only,
because it is based on cost estimates prepared for this report and on current
rrice levels, which are both subject to change during detailed design and
ac'bual eonstruction,
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TABLE DVI
ESTIMATE CF ANNUAL CHARGES

‘(19§E7PriQE‘Level)”'

LOWER, WOONSOCEET LOCAL PROTEGTIGN PROJECT

'SOCIAL DISTRICT UNIT

Federal Investment

Federsgl first cost
Interest during construction
($2,400,000 @ 2,5%)
Total Federal Investment

‘Federal Annual Charges

Interest ($2,160,000 @ 2,5%)

Amortization ($2,460,000 @ 1,026%)

Total Federal Amnmual Charges

Non-Federal Investment

Non;Federal first cost
Interest during construction
($1,000,000 @ 2,5%)

Total Non-Federal Investment

Nop»Federal Arrmal Charges

Interest ($1,025,000 @ 2,5%)
Amortization ($1,025,000 @ 1,026%)
Maintenance & Operation

Interim replacements

Net loss of taxes

Total Non-Federal Annual Charges

‘TOTAL ANNUAL CHARGES

D=15

$2,400,000

60,000

$2,160,000

$ 61,500 -
25,200 -

$1,000,000

25,000

$1,025,000

$ 25,600
10,500

54800
1,900.

1,500

~$ 86,700

45,300
$132,000



TABLE D-VII

ESTIMATE OF ANNUAL CHARGES

{1956 Price Level)

LOWER WOONSOCKET LOCAL PROTECTION PROJECT

HAMLET DISTRICT UKIT

Federsal Investment

Federal first cost
Interest during construction
(8h50,000 @ 1,25%)
Total Federal Investment

Federal Anmual Charges

Interest ($456,000 @ 2,5%)
Amortization (%hSé 000 @ 1,026%)

Total Federsl Annual Charges

Hon-Federsl Investment
Non-Federal first cosd
Interest during construction
($250,000 @ 1,25%)
Total Non-Federzl Invesiment

Non-Federal Annual Charges

Interest ($253,000 @ 2,5%)
Amortization ($2S3,000 @ 1,026%)
Majintenance & Operation

Interim replacements

Net loss of taxes

Total Non-Federal Annual Charges

TOTAL ANNUAL CHARGES

D-16

$150,000

6,000
$L56,000

11,400
_hL,700

$250,000

3,000
$253,000

$ 6,300
2,600
2,900
1,700

uoo

$ 16,100

$ 13,900
$ 30,000



TABLE DwVIII

ESTIMATE OF ANNUAL CHARGES

(1956 Price Level)

LOWER WOONSOCKET LOCAL PROTEGTION FROJECT

BERNON UNIT

Federal Investment

Federal first cost
Interest during construction
($120,000 @ 0,625%)
Total Federal Investment

Federal Annual Charpges

Interest ($120,800 @ 2,5%)
Amortization ($120,800 @ 1,026%)

Total Federal Annmal Charges

Non~Federal Investment

NoneFederal first cost
Interest during construction
($35,000 @ 0,625%)
Total Non~Federal Investment

Non-Federal Anmaal Charges

Taterest ($35,200 @ 2,5%)
Amortization ($35,200 @ 1,026%)
Maintenance & Operation
Interim replacements

Net logs of taxes

Total Non-Federal Anrmal Charges
TOTAL ANRUAL CHARGES

D17

$120,000
800
$120,800

$ 3,000
1,200

$ 35,000
200
$ 35,200

$ 900
LOO
100

200

$ L,200

$ 1,600
$ 5,800
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APPEHDIX E
ADDITIOHAL PLAHS STUDIED

<E1, GENERAL

Several additional flood con‘trol plans were studied for 'bhe pro«-
- %ection of Lower Woonsocket, These plans consist of (1) seven dike
and floodwall units at locations other than those ineluded in the -
recommended Lower Woonsocket Local Protection Projects (2) a general
improvement of the Blackstone River channel; and (3) upsiresm reser-
voirs on the tributary Mill and Peters R:'i.verso Economic analyses re-
. vealed that ammual charges would exceed znnual benefits for each of

_ .these plans, All first costs,anmual charges, and anmual losses and

~benefi‘ts ¢ited in t'is appendix are estimated at the 1956 pr:me level.

E2,. DIRES AND FLOODWALLS

E2,1 (General.- Seven supplemental dike and floodwall units were
studied in addition to those recommended in the Lower Woonsocket Local
Protection Project. Four of these units are located on the left bank
of the Blackstone River and three on the right bank., Each of the seven
areas considered would benefit by reductions afforded by operation of
. the authorized West Hill Reservoirjy therefore, cost computations for
dikes and floodwalls are based on units which would provide adequate
protection against standard project fleoed flows modified by operation -
of West Hill Reservoir, In each case the annual costs would exceed =~
- the ammual benefits and a reduction in the height of dikes and flcod~
‘walls would not provide justifiable economic protection agalnst a -
lesser flood, . '

~ the following paragraphs discuss the location, size, and economiec
evaluation of each unit, and protection which would be afforded these
arcas by the auﬁhcrized West Hill Reservoir and by other improvements,
The .lack of economic justification for each of the dike and floodwall
units is shown by comparison of annmal charges to annual losses remaine
1ng in the area after operation of West Hill Reservoir, '

k2, 1 Unit No, 1,~ This unit would consist of appréximately 875
feet of earth dike and 700 feet of concrete floodwall to protect sn ine
dustrial area on the left bank of the Blackstone River between the South
Mgin Street and Bernon Street bridges. The total estimated first cost is
$L65,000, Resulting anmual charges of $18,000 for a wnit to protect an
area with snnmual residusl losses of $13,700, after reduction by West
- Hi1l Reservoir, precludes economic justification, However, the Bernon
Unit of the recommended project and Wést Hi1l Reservoir would prevxde
_substantial protection for this area,-

E-1



£2,3 Unit Fo, 2.« Protection for an industrial and commercial srea
on the left bank of the Blackstone River between Bernon Street and Court
Street bridges wodld require about 1,000 feet of concrete floodwall and
a pumping station to discharge interior drainage, The estimated total
first cost is $790,000, Resulting anmual charges of $32,000 for a unit
to protect an area with annual residual losses of $13,800, after West
Hill reductions, precludes economic justification, Partial protection
for the area would be provided by West Hill Reservoir, by removal of Hamlet
Dam ond channel excavation as part of the recommended plan, and by ths
Bernon Unit which is also a part of the recommended plan, '

E2,h Unit No, 3.~ Approximately 650 feet of concrete floodwall along
the left bank of the Blackstone River a short distance upstream from Hamled
Dam would be needed to protect the Clinton Mill, The total estimated first
cost is $305,000, Resulting anmual charges of $12,000 for a unit to pro-
tect an area with annual residusl losses of $2,h00, after reduction by West
Hill Reservoir, precludes econamic justifieation, This property would be
partially protected, however, by West Hill Reservoir and by removal of Ham-
let Dam and chamnel excavation as part of the recommended plan,

E2,5 Unit No, h.- A unit consisting of 550 feet of earth dike,
2,250 feet of concrete floodwall, and a pumping station would be required
to protect the city's sewage treatment plant, The plant is located on the
left bank of the Blackstone River downstream from Hamlet Avenue bridge.
The total estimated first cost amounts to $770,000, Resulting armual
charges of $31,000 for a unit to protect an area with anmual residusl
losses of $1,100, after West Hill reductions, precludes economic justifie
cation, The treatment plant would be afforded partial protection by West
Hill Reservoir, :

‘E2,6 Unit No, 5.~ Approximately 650 feet of conerete floodwall would
be required to protect the Blackstone Velley Gas and Electric Company's
No, 1 Station, Located on the right bank of the Blackstone River immedi-
ately upstream from Court Street bridge, This station supplies electric
service to a part of Woonsocket, The total estimated first cost is
$340,000, Resulting annual charges of $13,500 for a unit to protect an
area with annual residusl losses of $1,200, after West Hill reductions,
precludes economic justification, This proerty, however, would be af-
forded partiszl protection by West Hill Reservoir and by removal of Heamle
Dam and charmel excavation as part of the recommended plan, '

E2,7 Unit No, 6.- Protection for the Blackstone Valley Gas and Elsc-
tric Companyfs gas works would require approximstely 200 feet of concrete
fioodwall along the right bank of the Blackstone River immediately dowmstream

Ee=2



from Court Street bridge. The totsl estimated first cost is $80,000.

. Regulting annual charges of $3,500 for a unit to protect an ares with
‘residual losses of less than $1,000, after West Hill reductions, pre-
cludes economic justification, Partial protection would be afforded, -
however, by West Hill Reservoir snd by removal of Hamlet Dam and channel
excavation as part of the recommended plan,

E2,8 Unit No, 7.- Approximately 900 feet of concrete floodwall
would be required for the protection of the Blackstone Valley Gas and
Electric Company's Riverside Substation, This subs‘batlon, located on |
the right bank of the Blackstone River upstream from Hamlet Dam; is the
central point of electric power distribution for the Woonsocket area, .
‘The total estimated first cost of the unit is $220,000. Resulting
anmual charges of $8,500 for a unit to protect an area with amual .
residudl losses of less than $1,000, afier West Hill reductions, pre-
¢ludes economic justification, This substation, however, would be
afforded partial protection by West Hill Reservoir and by removal of
Hamlet Dam and channel excavation as part of the recommended plan,

'E3, GENERAL CHANFEL IMPROVEMENT

... The general channel improvement plan would provide for mdening
and deepening the Blackstone River for a distance of approximately
10,400 feet from a point near the downstresm side of South Main Street
bridge to a point near the lower end of the sewage treatment plant,
The new channel would have a bottom width of 150 feet, except where
existing developments require a narrower width, This plan would also
 include the removal of Hamlet and Bernon Dams as well as the Kendrick:
" Avenue footbridge. The total esbtimated first cost is 5’(52,100,(}30@ -
Amual cherges are estimated at $83,000, Benefits, computed as incre-
mental to those assigned to the au‘thorlzed. West Hill Reservoir, would
amount to $77,300, resulting in a benefit-cost ratio of 0,9 to 1,0,

A plan of th:Ls chamel improvement is shown on Plates Eeh through E=6,

Reductlons in flood stages by means of channel improvement are:
1imited due to the flat slopes of flood profiles in this area, In. 3
flood of August 1955 magnitude, stage reductions would amount to 'lg :
feet at the Woonsocket gaging station, The removal of Manville Dzm and
the highway bridge immediately below the dam in the village of Manville,
2.8 miles downstream from Hamlet Avenues bridge in Woonsocket, was alse
congidered during the course of chanmel improvement studies, : Hydraulic
studies revealed, however, that the removal of these structures would =~
have & negllglble effect .on floed stages in the Lower Woonsocket area, .

E~3



Partial protection in s portion of the survey area would be provided
by the removal of Bernon Dam and Hamlet Dam with contiguous chammel ex-
cavation, These two features are include as part of the recommended
plan which is presented in Appendix D, '

Ei, RESERVOIRS

El,1 General,- Two flood contrcl reservoirs were studied for the
protection of the Lower Woonsocket area, These are Pine Hill Reservoir
on the Mill River and Bellingham Reservoir on the Peters River, Both
tributaries join the Blackstone River in the Lower Woonsocket area, The
reservoirs are described further in the following paragraphs, and reser
voir maps are shown on Plates E-7 and E-8,

El,2 Pine Hiil Reservoir.- Pine Hill Dam would be located on the
Mill River in the Town of Blackstone, Massachusetts, L miles north of
Woonsocket, The dam would be a rolled earth-fill structure with a
length of 750 feet and a maximum height of 50 feet above streanbed,
Reservoir overflows would discharge through 2 spillway channel located
in a natural saddle 600 feet east of the dam, The dam would impound a
reservoir sbout 3,75 miles long, with a flood contrel storage capacity
of 11,200 acre feet, " This storage capacity is equivalent to 8,3 inches
of runoff from the drainage area of 25,3 square miles at the dam site,

During major floods the Mill River peak discharge at Woonsocket
precedes that of the Blackstone River by aspproximately 13 hours, Opera-
- tion of this reservoir would reduce the peak stage of the standard project
flood on the Blackstone River in Woonsocket by % foot at the U.S.G.S.
gaging station, located a short distance downstream from the confluence
of the Mill and Blackstone Rivers,

The total estimated first cost of the project is $1,900,000, Annusl
charges are estimated at $85,800, Floodwprevention benefits, computed as
incremental to those assigned to the authorized West Hill Resgervoir,
would smount to $7h,600 anmually, resulting in a benefit-cost ratio of
009 ‘tﬁ 1990 :

Combining this reservoir with the recommended Lower Woonsocket Local
Protection Project was considered in order to evaluate the effect on the
size of dikes, charnel, and pressure conduit required to contain Mill
River flood discharges in Woonsocket, However, the net inerease in the
cost of the combined projects over the recommended plan was found {o ex~
ceed the inecrease in benefits,

Ealy
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Eh,3 Bellingham Reservoir,- Bellinghsm Dam would be located on
the Peters River in the Town of Bellingham, Massachusetts, 2 miles
northeast of Woonsocket. The dam would be a rolled earth-fill struc-
ture with a length of 800 feet and a maximum height of 26 feet above
streambed, Reservoir overflows would discharge through a spillway
channel 100 feet north of the dam, The dam would create a reservoir
about 1,8 miles long, with a flood control storage capacity of 2,200
acre-feet, This &torage capacity is equivalent to 6,6 inches of
runoff from the drainage area of 6,3 square miles at the dam site,

This project was discarded because it would effect negligible
reductions in flood stages at Lower Woonsocket and at other downstream
damage points, Combining this reservoir with the recommended Lower
Woonsocket Local Protection Project was considered in order to evaluate
the effect on the size of the pressure conduit required to contain
Peters River flood discharges in Woonsocket, This effect was found
to be negligible,

E-5
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APPENDIX F

PUBLIC HEARING DIGEST AND IETTERS OF CONCURRENCE

This appendix contains a digest of the public hearing
held at Woonsocket, Rhode Island, on November 26, 1956,
Pertinent letters received in Woonsocket subsequent to ad=
journment of the hearing are also sumarized, Letters of
concurrence from the Governor of the State of Rhode Island
and the Mayor of Woonsocket, and a letter of comment from
the Regional Director of the Fish and Wildlife Service are
included as exhibits.

A1l interested parties were invited to attend the
public hearing to present their needs and views. Ap~
proximately 150 persons attended, including the Governor
of Rhode Island, representatives of Congressmen in the
area, state and local officials, manufacturers, business.
men, and representatives of local organizations and the
local utility company. A4 flood control plan under con-
sideration by the Corps of Engineers was presented at
the hearing, All speakers expressed strong support for
the immediate construction of the improvements under conw
sideration and, in addition, urged that the plan be modi-
fied to include protection for a larger area,

Fal
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Szeaker

Mr, Carmine J, Maisano

Mr, Bdward W, Heroux

(overnor Dennis J, Hoberts

Mr, Henry Isé; Chief

DIGEST OF PUBLIC HEARING
WOONSOCKET , RHODE ISLAND

26 November 1956

Interest Represented

Senator John 0, Pastore

Congressman Adme Jd» Forand

State of Rhode Island

Division of Harbors and Rivers,
Department of Public Works,
State of Rhode Island

Improvement Desired; Reasons
Advanced, and other Remarks

Expressed need for protection
and desired that it be left to
C of E to determine measures
necessary for flood controls

-urged reciprocal cooperation

between local interests and
Federal Govermnment to expedite
project construction.

Requested adequate flood con=
trol for Social District and
urged that benefit analysis
for determination of project -
justification recognize im-

- portance of intangible losses,

Supported plan proposed by C
of B, but urged that it be -
modified to provide protectidn
for a larger area,

Expressed urgent need for imme-
diate construction of flood pro=-
tection works for Social District.
Requested that studies be made to
protect remaining areas by any
feasible means, Also requested
that water supply and pollution
abatement be considered,



£=q

Sﬂer

Mayor Kevin K. Coleman

Mr, G, W, Poirer,
Councilman

Mr. L. Philliip Lemleux,
Chairman

Mr, Arthur S, Kirk

Mr, Charles A, Johnson

Interest Represented

City of Woonsocket

City of Woonsocket

Floed Contrel Committes,
Woonsocket Chamber of
Commerce

Blackstone Valley Gas and
Electric Company

Improvement Desired, Reasons
Advanced, and other Remarks

Supported plan propesed by C
of B, but uwrged that plan be
modified to inciude other
existing and potential indus-

© trial areas along the Black-
~ stone River,

Favored plan proposed 'bjC of
E and expressed urgent need of

flood control; requested that

-

c¢ity and loéal interests, in
view of Woonsocket!s econcmie
situation and recent heavy
losses, not be expected to
make inordinate contributions

_to project cost,

Expressed urgent need for flood.

protection and desired that it
be left to C of B to determine
neeessary measuresg

- Requested mrovements tc pre-

vent flooding of Riverside Sub-
station and Gas Works and to

- prevent, washouts of river banks
- from Bernon Dam to Hamlet Avenue
- bridge. Urged that proposed

plan be modified ‘o include
protection for the Hamlet
District,

Urged that any flood control
plan include :rmlti—purpose

features for power and water

supply.
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Bpeaker
Mr, Christy V., Bicki

Mr, Raymond E, Charland

Mr. Frank Kearn
Mr, Lester A, Mackbez

Writer

Mr, Carmel Pouliot
Proprietor

Mr, Louis D, Gingras

Interest Represented

Himself and neighhors

French Worsted Company

Himself

Himself

Home Coal Company

Continental Engineering
Service

Improvement Desired, Reasons
Advanced, and other Remarks

Requested improvements on Mill
River to prevent damages in Bast
School Btreet area,

Requested that protection for
the right bank of the Blackstone
River be added to the proposed
plan.

Requested removal of Bernon Dam
and channel improvement to pre-
vent damage on Bernon Street.

Desired that flood protection
for Hamlet District be cone
sidered,

Requested channel excavation of
Mill River, bridge removal, re~
construction of Harris Pond dam,
and -replacement of company land
which was washed out in August
1955; urged that all peasibie
improvements be constructed to
prevent Mill River floodlng in
Social District,

Requested that Federal Govern-
ment assume total cost of all
floocd=control projects,



STATE OF RHODE ISLAND & PROVIDENCE PLANTATIONS
: EXECUTIVE CHAMBER
PROVIDENCE

Dznms J4.ROBERTS
GOVERNOR

April 3, 1957

Brigadier General Robert J, Fleming, Jr,
Corps of Engineers, U. S, Army -
- New England Division
160 Causeway Street
‘Boston 14, Massachusetts

Dear General:

| Thank you for sending me your letter of March 20th
with information that you are completing a review survey of the
Blackstone River Basin, which includes the lower Woonsocket
Loceal Protection Project, It was gratifying to learn that as a
result of this survey you will recommend a new project for the
protection of Woonsocket which is estimated to cost $4,100,000,

I feel that it is important to the future of Rhode
Island that this additional protection be afforded to the City of
Woonsocket and I therefore, wish to inform you of the state's
interest in this project for inclusion in your final report,

With kindest personal regards, I am

N Sincerely youz-s r -

\’\* wm\‘s ’u*uk§<"
Dennis J, Roberts
Governor

DIR:na



EXECUTIVE DEPARTMENT
OFFICE OF THE MAYOR

CITY OF WOONSOCKET
KEVIN K. COLEMAN . ' . RHODE ISLAND
MAYOR
April 1, 1957

Robert J, Fleming, Jr., Brigadier General
Divigion Engineer, New England Division
Corps of Engineers, U, S. Army

150 Causeway Street

Boston 14, Massachusetts

" Dear General Fleming:

Thank you for your welcome and informative letter of March
20, 1957 with respect to your interim report which embodies the Lower
Woonsocket Local Protection Project.

Please be assured that the prompt and comprehensive consider-
-ation accorded my request that thig project be given the highest possible
priority certainly is appreciated, The fact that the tremendous amount
of work involved has been accomplished so thoroughly in the brief period
which has elapsed is one more indication to me personally and to the
people of Woonsocket of the cooperative attitude of the Corps as well as
its ability and capacity to render efficient and effective public service,
You and your staff cannot be commended too highly in this regard and our
feelings are being made known to your superior by means of a copy of this
letter,

With specific reference to the details of the proposed project,
we are in accord with the recommended procediures, subject to such modifi-
cations as more refined studies may warrant, Assurance also is given of
the willingness and ability of the City of Woomnsocket to participate to
the extent and in the manner prescribed, provided, however, that it is
understood that such assurance is a reflection of the views and desires
of the encumbent administration,

I am certain that the City Council will support this affirmation
with the necessary legislation at the appropriate time.

Again thanking you for your cooperatxon in this extremely im-
portant matter, I am

Sincerely yours,

‘""';L K v(} L L .
f SR if. e rrbnb i

Kevin K, Coleman
Mayor

KKC:mtb

cct Chief of Engineérs-



REGION B

UNITED STATES | NEW ENGLAND STATES
DEPARTMENT OF THE lNéTERlOR NEW YORK

PENNSYLVANIA

FISH AND WILDLIFE SER(]ICE NEW JERSEY
o —————— DELAWARE
IN REPLY REFER TO: ' OFFICE OF REGIONAL DIRECTOR WEST VIRGINIA

BLAKE BUILDING
BOSTON 11, MASSACHUSETTS

March 18, 1957

The Division Engineer
New England Division
U.3, Corps of Engineers
150 Causeway St.

Boston 1, Mass.

Dear Sir: . | /
Reference is made to your letter dated 15 March 195? -

in which you requested the comments of this Service in relation

to local flood protection for the Blackstone River at Woonsocket,

Rhode Island.

It is the opinion of this office that the project will
have little or no impact on fish and wildlife resources. Therefore,
detalled comments by this office are considered UNNecessary.

Thank you for calling this matter to our attention.

Very truly yburs s

D. R, Gascoyne
Regional Director



